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ABSTRACT

The length of human pregnancy, arguably the most natural of physiological processes, is
undergoing subtle but consequential modification in order to adapt to modern societal demands.
The gestational age distribution of births in the United States has been shifting to lower
gestational ages over the past two decades, parallel to a concomitant rise in obstetrical
intervention in pregnancy. The result has been an increase in elective deliveries at 37-38 weeks
(early term).
A population-based retrospective cohort study of over 616,000 live-born full-term
singleton infants was conducted to investigate the association between elective early term
delivery and subsequent infant morbidity, mortality, and health care utilization in the first year of
life. Data were examined from a statewide, multi-year, clinically-enhanced database created by
linking birth certificate records to maternal and infant hospital discharge records, and to infant
death certificates, for all infants born to Florida-resident mothers from 2005-09. All infants
delivered to mothers with an established medical condition that could have justified early
delivery were excluded from the study, as it would not be possible to determine if an early
delivery in those cases was elective or medically-necessary. Based on the timing and reason for
delivery initiation, the study population was categorized into four exposure groups: 1) early
electively induced delivery at 37-38 weeks (EED-I), 2) early elective cesarean delivery at 37-38
weeks (EED-CS), 3) early spontaneous delivery at 37-38 weeks (ESD), 4) early medicallyindicated delivery at 37-38 weeks (EID). The comparison group consisted of all expectantly
managed infants who were full term deliveries (FTD) at ≥39 weeks. Adverse infant outcomes in
the first year of life included respiratory morbidities, neonatal sepsis, feeding difficulties,
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admission to the neonatal intensive care unit, the frequency and duration of hospital encounters,
and infant mortality. Multivariable generalized linear mixed models were used to estimate odds
ratios (OR) or rate ratios (RR) and 95% confidence intervals (CI) between exposure and each
outcome, adjusting for maternal, infant, and hospital characteristics and accounting for the
correlation among infants born at the same facility.
Infants who were delivered by EED-I or EED-CS comprised 13% of the study population,
and 40% of infants born in the early term period. Infants who were delivered by EED-I
experienced the lowest likelihoods of respiratory morbidities, neonatal sepsis, and admission to
the NICU when compared to FTD infants. In contrast, infants delivered by EED-CS had
significantly increased risks several adverse birth outcomes, with magnitudes ranging from a 9%
to 40% increase. Only 8.3% of all infants were re-admitted to the hospital after birth. Despite
having the lowest likelihood of the birth morbidities studied, infants delivered by EED-I had a
small 10-15% increased odds of being re-hospitalized in the first year of life, compared to FTD
infants. These infants also had a slightly higher mean number of visits and combined LOS
during post-birth hospitalizations, although the absolute differences from other exposure groups
was small. Elective early term cesarean infants actually had a slightly lower risk of rehospitalization, particularly re-hospitalizations that occurred between weeks 3-52 of life.
Neonatal and post-neonatal deaths were rare events (0.3 and 1.3 deaths per 1,000 live births,
respectively) in this comparatively low-risk study population. There were no differences in
survival when comparing the EED-I and EED-CS groups to the FTD group.
The results of this study raise the concern that these public health efforts to reduce
elective early term inductions have been based on biased evidence from a limited number of
studies in which artificially elevated risks for early electively-induced infants were reported. In
stark contrast to the current dogma, this study found that when a methodologically appropriate
comparison group was used (i.e., expectant management), elective induction prior to 39 weeks
was NOT associated with an increased risk of any adverse infant outcomes in early life. In
xii

contrast, our findings do support the avoidance of purely elective cesarean sections prior to 39
weeks in lieu of expectant management. The evidence presented in this large,
methodologically-sound study should caution against a general avoidance of ALL elective early
term deliveries, and foster support for continued research in this still relatively new arena.
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CHAPTER ONE:
INTRODUCTION

The length of human pregnancy, arguably the most natural of physiological processes, is
undergoing subtle but consequential modification in order to adapt to modern societal demands
(1, 2). The gestational age distribution of births in the United States (US) has been shifting to
lower gestational ages over the past two decades (3), parallel to a concomitant rise in
obstetrical intervention in pregnancy (4). The result has been a startling increase in nonmedically indicated (elective) deliveries at 37-38 weeks (early term). An elective delivery is
defined as a delivery that occurred at a given point in time in the absence of spontaneous labor;
delivery was achieved either through drug induction of labor and vaginal delivery, or through a
scheduled caesarian section. For over three decades, the American Congress of Obstetricians
and Gynecologists (ACOG) has advocated strongly against elective deliveries prior to 39 weeks
because of the potential for adverse outcomes associated with suboptimal fetal maturation (5,
6). However, the perceived safety in achieving a term gestation, along with the convenience of a
planned, controlled delivery seems to have outweighed any risks perceived by physicians and
patients (7-9). Over the past decade, and particularly in the past several years, an increasing
number of clinical and epidemiologic studies have been conducted in an effort to understand the
full impact that elective early term delivery (EED) has on short and long-term infant outcomes.
This chapter will discuss the changing patterns of labor and delivery in the US, the
reasons behind the rise in elective and planned deliveries, and the public-health importance of
investigating neonatal outcomes associated with EED. Chapter 2 will present a review of
significant biological, clinical, and epidemiologic literature, and Chapter 3 will describe the
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epidemiological and statistical methods used to conduct a study designed to investigate further
the association between EED and infant morbidity, mortality, and health care utilization.
Chapter 4 will summarize the study data and analyses will minimal interpretation, permitting an
unbiased assessment of study results. Chapter 5 will offer a critical appraisal of the strengths
and weaknesses of the study, the unique contribution of the study to understanding the etiologic
relationship between EED and neonatal outcomes, practice implications, and recommendations
for future research.

Changing Patterns of Labor and Delivery in the US
From 1990 through 2006, the gestational age distribution in the US shifted towards
earlier gestations (3). This shift was partially due to an increase in multiple gestations, because
the rate of multiple births has been increasing, and twins and higher-order multiples are often
delivered early. Whereas the percentage of births at ≥40 weeks declined markedly during the

Figure 1.1. Percent change in the distribution of births by gestational age: United States, 1990
and 2006
Source: CDC/NCHS, National Vital Statistics System (3).
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16-year period, the relative proportion of births delivered in the 37-38 week range increased
nearly 50%, from comprising 19.7% of all live births in 1990 to 28.9% in 2006 (Figure 1.1) (3).

Trends in Obstetrical Intervention during Pregnancy
The dramatic increase in the proportion of late preterm (34-36 weeks) and early term
(37-38 weeks) births is likely due to an increase in obstetrical intervention. Delivery in the US
without medical intercession is becoming increasingly rare. In fact, the Agency for Healthcare
Research and Quality (AHRQ) reported that in 2006 more than half of the 4.3 million women
giving birth to a child in US community hospitals experienced medical induction, manually
assisted delivery, or another procedure designed to assist with delivery (10). Between 1990 and
2006, the National Vital Statistics report estimated that the induction rate rose over 130%, from
9.5% in 1990 to 22.5% in 2006 (3). Although non-Hispanic (NH) white mothers had the highest

Figure 1.2. Rates of induction of labor by race and Hispanic origin, United States: 1990, 1996,
2000, and 2006
Notes: Singleton births only. Oklahoma did not report induction of labor in 1990.
Source: CDC/NCHS, National Vital Statistics System (11).
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rate (26.9%), followed by NH-black (19.8%) and Hispanic (16.1%) mothers, induction rates
increased substantially for all race/ethnic groups (Figure 1.2).
The important question becomes whether obstetrical intervention in pregnancy is rising
due to an increase in medical complications that warrant induction of labor or cesarean section,
or whether it is due to scheduled, non-medically indicated intervention. An elective induction of
labor constitutes any pharmaceutical (e.g., prostaglandins) or mechanical (e.g., membrane
sweep) method used to stimulate uterine contractions during pregnancy without an accepted
medical or obstetrical indication and before the spontaneous onset of labor or rupture of
membranes. An elective cesarean section is any scheduled primary or repeat cesarean section
without an accepted medical or obstetrical indication and before the spontaneous onset of labor
or rupture of membranes. A medical indication is a symptom or particular circumstance that
indicates the advisability or necessity of a specific medical treatment or procedure (12). The
medical and obstetrical indications for induction of labor or cesarean delivery vary across
providers and institutions; however, commonly accepted conditions include: multiple gestation,
placenta previa, placenta abruption or other antepartum hemorrhage, oligohydramnios,
isoimmunization, known/suspected fetal malformations, fetal distress, and uncontrolled maternal
diabetes (13).
Some studies have noted that the rate of inductions has been rising much faster than the
rate of pregnancy complications, which suggests that an increase in elective induction of labor
may be driving much of the overall increase in the induction rate, as well as the increased
proportion of deliveries occurring at earlier gestations (4, 9, 14, 15). In their 3-month analysis of
27 hospitals within the Hospital Corporation of America system, Clark et. al. reported that 44%
of all deliveries were planned term deliveries, and 71% of those were elective. Elective term
deliveries comprised 31% of their total delivery population, and there was considerable variation
in the rate of elective deliveries across facilities (15).
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Reasons for the Increase in Elective Early Term Deliveries
There are a number of reasons why EED may have increased so drastically over the
past two decades despite most professional medical organizations’ lobbying against the
practice, and despite a growing evidence base that has identified adverse neonatal outcomes
for early versus later term births. First, the continuum of gestational ages has long been placed
into discrete categories such as preterm and term, each carrying with it a sense of relative
anxiety or comfort. Once the 37-week term milestone has been reached, physicians and
mothers tend to place a low value on the need to prolong the pregnancy (7, 16). In 2009,
Goldenberg et. al. recruited a national sample of women who had recently given birth and
surveyed them on their beliefs about what constituted a term pregnancy, and the relative safety
of delivering at different weeks of gestation (8). Nearly 1 in 4 women considered a full term baby
to be less than 37 weeks. Only 25% of women felt that to be full term required prolonging the
pregnancy until at least 39 weeks. Women were also asked, “What is the earliest point in the
pregnancy that it is safe to deliver the baby, should there be no other medical complications
requiring early delivery?” (8). More than half of the respondents felt it was safe to do so during
the 34-36 week window, and only 7.6% felt it was only safe at 39 or more weeks. Maternal
impressions about the safety of early delivery, combined with the physical discomfort associated
with the end stages of pregnancy are patient-driven factors likely contributing to EED.
In Listening to Mothers III, a national online survey of over 2,400 mothers aged 18-45
who had recently given birth, 41% of respondents indicated that their care provider tried to
induce their labor, and 29% of mothers tried to start the labor on their own (17). A subset of
women who experienced a medical induction of labor were asked to describe the reasons that
the induction occurred. The most common reasons provided were that 1) the baby was already
full term or close to the due date (44%), 2) mom wanted to get the pregnancy over with (19%),
and 3) the care provider was concerned that the mother was “overdue” (18%). A “maternal
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health problem that required quick delivery” was selected as the reason for induction in less
than 1 of every 5 women.
In 2010, Simpson et. al surveyed over 1,300 women to explore the reasons why
nulliparous women chose to have labor induction (7). Some of the statements women provided
during the survey are very revealing about the various perceptions and determinants of elective
delivery.
“My doctor was going on vacation and I really wanted her to deliver my baby. When she
offered an induction before she left, I said yes.”
“I was so big and felt awful. When he said I could have induction, I took the offer.”
“My doctor told me right from the beginning that he didn’t believe in inductions unless
there was a problem with me or the baby.”
“The doctor said I needed it [induction]. Why have a doctor if you don’t follow his
advice?”
“My doctor told me my baby was going to be over 9 pounds, so I was afraid I wouldn’t be
able to have him naturally unless I had my labor induced early. He was only 7 pounds. I
had a c-section after 30 hours [of labor]. I never got past 6 cm. I wish I had waited. I
didn’t want a c-section. The recovery pain was so much more than I anticipated.”
“I felt that doctor knows best.”
Obstetric maternity providers play a significant role in the decision to deliver electively.
Convenience may be a driving factor, since a planned induction can guarantee attendance at
the birth, avoid potential schedule conflicts, and reduce the likelihood of being woken up in the
middle of the night (9, 18). Elective inductions may also be more likely because of a lack of
provider understanding regarding the potential risks of early induction, a belief that the neonatal
intensive care unit (NICU) is capable of handling any problems, or a lack of personal experience
with adverse outcomes (1, 18, 19). Oshiro et. al. estimated that an obstetrician who performs
200 deliveries annually and electively delivers 10% of her/his patients at 38 weeks gestation,
would experience only one newborn NICU admission per year (1). Also, maternal intolerance to
the later stages of pregnancy (e.g., excess edema, swelling, insomnia), prior labor
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complications, suspected fetal macrosomia, and fear of malpractice may influence a provider’s
decision to initiate an elective induction of labor (18).
Lastly, secular trends of rising rates of maternal pre-pregnancy obesity and increased
weight gain during pregnancy (20) are contributing to the increased frequency of EED. Obese
women have higher risk of an early term delivery (21), often due to obstetrical concerns over
complications that may become more likely as delivery is delayed (e.g., stillbirth, uterine
rupture).

Public Health Significance
Largely in response to the shifting gestational age distribution of the US towards earlier
gestations, and the considerable rise in inductions of labor, the AHRQ completed a systematic
review in 2009 of maternal and neonatal outcomes of elective induction of labor, as well as a
cost-effectiveness analysis using decision analysis models to compare induction of labor versus
expectant management at different gestational ages (22). After reviewing over 3,700 articles, 76
met the inclusion criteria for the study, including a mixture of randomized controlled trials (RCT)
and observational studies. The authors’ primary findings suggested that elective induction of
labor at 41 weeks, compared with expectant management, might be preferred as it reduces the
risk of cesarean section and meconium-stained amniotic fluid. Although more expensive, they
deemed induction at 41 weeks a cost-effective solution, since its cost to gain an additional
quality-adjusted life year (QALY) of $10,789 was below the typically considered willingness-topay threshold of $50,000/QALY (22). Along with noted limitations of a small number of welldesigned, adequately-powered studies upon which to base their review, the authors also
concluded that “the evidence regarding elective induction of labor prior to 41 weeks of gestation
is insufficient to draw any conclusion” (22). In fact, there were no recent RCTs regarding
elective induction of labor that occurred before 41 weeks gestation. Thus, the impact of EED
was deemed unresolved.
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As will be described in detail in Chapter 2, there is evidence from a number of
observational studies that EED is associated with an increased risk of infant morbidities (e.g.,
respiratory problems, sepsis, feeding problems) and admission to the NICU, more frequent
hospital encounters after discharge, and higher infant mortality rates (1, 15, 16, 23-30).
However, most studies that have reported an increased morbidity and mortality risk among EED
have done so after comparing EED to spontaneous deliveries at later gestational ages (31-36).
A number of studies and editorials have argued that the observed association may be due to an
inappropriate choice of the comparison group (14, 37-40). Comparing early elective deliveries to
what may be the lowest risk group (later term spontaneous deliveries) may overestimate the
adverse effects of EED. The clinical decision that must be made is not a choice between early
elective delivery and later spontaneous delivery, but between early elective delivery and
expectant management, in which the later delivery outcome remains unknown (37, 38, 40, 41).
Thus, this study selects a more appropriate comparison group that consists of all infants whose
deliveries occurred at a later gestational age, and who were at risk for an early elective delivery.
Furthermore, this study also compares subtypes of early term deliveries (elective, spontaneous,
and indicated) to clarify the aspects of early term delivery that may be associated with healthrelated events in early infant life.

Specific Aims
A population-based retrospective cohort study was conducted to investigate the
association between EED and subsequent infant morbidity, mortality, and health care utilization
in the first year of life. Data were examined from a statewide, multi-year, clinically-enhanced
database created by linking birth certificate records to maternal and infant hospital discharge
records, and to infant death certificates, for all infants born to Florida-resident mothers. The
analytic time frame for this study covered a six-year period (2005-09). By defining a more
scientifically valid comparison group for EED and incorporating important subtypes of early term
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deliveries, this study makes a meaningful contribution to the literature on the association
between EED and infant outcomes. Its design and analysis was guided by the following specific
aims and associated research questions:

1. To investigate the association between elective early term delivery and fetal
complications manifested at birth
Q1. Do singleton infants delivered electively at 37-38 weeks experience different
crude risks of fetal complications manifested at birth, compared to similar
infants whose deliveries differed by timing (≥39 weeks) or reason for delivery
initiation (spontaneous, medically-indicated)?
Q2. Is the birth hospitalization length of stay for singleton infants delivered
electively at 37-38 different from similar infants whose deliveries differed by
timing or reason for delivery initiation?
Q3. After adjusting for potentially confounding maternal and hospital characteristics,
are singleton infants delivered electively at 37-38 weeks at different risk of fetal
complications manifested at birth, compared to similar infants whose deliveries
differed by timing or reason for delivery initiation?
Q4. After adjusting for potentially confounding maternal and hospital characteristics,
is the mean birth hospitalization length of stay for singleton infants delivered
electively at 37-38 weeks different from similar infants whose deliveries differed
by timing or reason for delivery initiation?
Q5. Is the effect of elective early term delivery on fetal complications manifested at
birth or on mean birth hospitalization length of stay modified by maternal
pregnancy history (parity, previous cesarean delivery)?
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2. To determine the association between elective early term delivery and infant
morbidity after hospital discharge
Q6. Do singleton infants delivered electively at 37-38 weeks experience a different
frequency of post-discharge hospitalizations in the first year of life, compared to
similar infants whose deliveries differed by timing or reason for delivery
initiation?
Q7. Is the total number of days spent in the hospital during post-discharge
hospitalizations during the first year of life different for singleton infants
delivered electively at 37-38 weeks and infants whose deliveries differed by
timing or reason for delivery initiation?
Q8. After adjusting for potentially confounding maternal and hospital characteristics,
does the frequency or length of post-discharge hospitalizations during the first
year of life differ between singleton infants delivered electively at 37-38 weeks
differ, compared to infants whose deliveries differed by timing or reason for
delivery initiation?
Q9. Is the effect of elective early term delivery on post-discharge infant morbidity
modified by maternal pregnancy history (parity, previous cesarean delivery)?
Q10. Do the principal medical diagnoses for post-discharge hospitalizations in the
first year of life differ between singleton infants delivered electively at 37-38
weeks and infants whose deliveries differed by timing or reason for delivery
initiation?

3. To examine the impact of elective early term delivery on infant survival
Q11. Are singleton infants delivered electively at 37-38 weeks at greater crude risk of
all-cause neonatal or post-neonatal mortality, compared to similar infants
whose deliveries differed by timing or reason for delivery initiation?
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Q12. After adjusting for potentially confounding maternal and hospital characteristics,
is the first year survival of singleton infants delivered electively at 37-38 weeks
different from similar infants whose deliveries differed by timing or reason for
delivery initiation?
Q13. Is the effect of elective early term delivery on singleton infant survival during
the first year of life modified by maternal pregnancy history (parity, previous
cesarean delivery)?
Q14. Do the recorded underlying and contributing causes of death differ between
singleton infants delivered electively at 37-38 weeks and similar infants whose
deliveries differed by timing or reason for delivery initiation?

Hypotheses
Most of the published literature, along with a growing number of hospital-based
interventions aimed at preventing non-medically indicated deliveries prior to 39 weeks, suggest
that elective early term inductions and cesarean sections result in an increased likelihood of
infant morbidity, particularly in early life. However, since most studies have failed to choose a
comparison group that appropriately captures the risk associated with the clinical decision to
expectantly manage a pregnancy beyond the early term period, the suspected increase in risk
may be overstated. Thus, the overarching pre-study hypothesis was that infants born via
elective early term induction would show a similar risk profile to early term spontaneous
deliveries for fetal complications manifested at birth, but would have a moderate increase in risk
compared to infants who were expectantly managed and delivered at ≥39 weeks’ gestation. It
was expected that the increased relative risk for elective early term cesareans (compared to
infants born ≥39 weeks) would be greater than for elective early term inductions. These
complications at birth were expected to increase the likelihood, frequency, and duration of rehospitalizations in the first year of life, although the reasons for re-hospitalization were not
11

expected to differ substantially across infants whose deliveries differed by timing or reason for
delivery initiation. It was unclear if there would be differences in infant mortality across the study
groups because death in the first year of life is a rare occurrence among all infants born at or
beyond 37 weeks gestation.
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CHAPTER TWO:
LITERATURE REVIEW

Human pregnancy is a natural process, yet medical professionals have defined – and redefined – the duration of a normal, natural pregnancy. As described by Fleischman et. al., the
definition of a term pregnancy has undergone several revisions over the past century (42). The
current 37-week (or 257-day) marker representing the boundary between preterm and term was
set by obstetricians and pediatricians at the 1970 Second European Congress of Perinatal
Medicine (43). Albeit a seemingly arbitrary categorization of the biological continuum that is
gestational age, it has been accepted by the World Health Organization, the American Academy
of Pediatrics, physicians, and mothers. Whereas the wrong side of the 37-week marker has
been associated with prematurity and an array of potential complications and adverse
outcomes, the term side has carried with it a notion of safety and normality, regardless of where
one fell along the term continuum. Some organizations have long recognized the heterogeneity
within term gestations; ACOG has consistently over the past four decades advised against nonmedically indicated deliveries prior to 39 weeks gestation (6, 44-46). However, among a 2008
US national sample of 650 women, over 94% felt that, even when there are no medical
complications, it is completely safe to deliver a baby before 39 weeks (8). So should there be,
as suggested by Fleischman et. al. in 2010, a rethinking of the definition of a “term pregnancy”
(42)?
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Definitions
Prior to reviewing the clinical and epidemiologic literature concerning EED, an agreed
upon set of conceptual definitions, including “elective” and “early term”, along with their
measurement must be established.

Gestational Age
Gestation is the period of time between conception and birth, and gestational age is the
most common measure that is used to describe how much of that time has elapsed. Since
gestational age determines the classification of births into categories or subcategories of
preterm, term, and postterm groups, a description of the recommended approach to gestational
age dating is presented in Figure 2.1. However, there is substantial variation in the
determination of gestational age in the epidemiologic literature investigating EED and neonatal
outcomes. Some studies, typically single institution or multisite collaborative initiatives, describe
gestational age determination by obstetrical providers (16, 26, 47, 48); however, the specific
protocol differs across studies. Many studies relying on administrative data, such as
computerized birth certificates, may calculate gestational age from either the date of last
menses, the recorded clinical estimate, or some combination of the two. The comparative
accuracy of these measures, and potential biases associated with their use have been well
documented (49-52).

Categorization of Gestational Age
Considering the increasing trends of delivery at earlier gestational ages (53-55) and
growing evidence that earlier delivery, even at term gestations, is associated with adverse
pregnancy outcomes, new classifications schemes for gestational age have been proposed (42,
56). For the purposes of this review, the following definitions were considered:
Preterm. Less than 37 weeks of pregnancy (up to and including 36 6/7 weeks gestation).
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Late preterm. The period from 34 0/7 to 36 6/7 weeks gestation (or 34-36 weeks).
Early term. The period from 37 0/7 to 38 6/7 weeks gestation (or 37-38 weeks).

Figure 2.1. Recommended approach for determination of gestational age
a

Biometry based on biparietal diameter, abdominal circumference, and femur length
Source: Spong, C.Y. Defining "term" pregnancy: recommendations from the Defining "Term"
Pregnancy Workgroup. JAMA, 2013. 309(23): p. 2445-6 (56).

Elective Induction of Labor
Any pharmaceutical (e.g., prostaglandins) or mechanical (e.g., membrane sweep)
method used to stimulate uterine contractions during pregnancy without an accepted medical or
obstetrical indication and before the spontaneous onset of labor or rupture of membranes (18).

Elective Cesarean Section
Any scheduled primary or repeat cesarean section without an accepted medical or
obstetrical indication and before the spontaneous onset of labor or rupture of membranes (18).
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Accepted Medical Indication
An accepted medical indication, in this context, is a symptom or particular circumstance
that indicates the advisability or necessity of an induction of labor or cesarean delivery. There
remains significant variation across organizations, institutions, and the literature as to what
constitutes a medical or obstetric indication for delivery (13, 16, 57, 58). The rate of elective
delivery prior to 39 weeks has become a national quality measure for perinatal care. Thus,
suggested lists of acceptable indications have come from national organizations (e.g., the
National Quality Forum, the Joint Commission, the Hospital Corporation of America, and the
Leapfrog Group) and were designed to facilitate a standardized list that would permit
comparison of EED rates across facilities (13). It has been suggested recently that among these
measures, the Joint Commission’s methodology (59) that uses International Classification of
Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) codes to define indications for
acceptable deliveries at <39 weeks (Table 2.1) was the best available for use with hospital
discharge data (57). For the present study, this list was divided into established conditions
present prior to labor/delivery and conditions that present immediately before delivery (60) (see
Chapter 3).

Pathophysiology
Fetal maturation is a continuous process and duration of gestation is one of the many
factors that influences the fetal maturational pace and its trajectory into early life (61). Organs
and organ systems tend to mature independent from one another in utero, at rates that
correspond to their specific function and the needs of the developing fetus (61, 62). Delivery of
an infant that is “too early” or before full term may alter or interrupt the maturation process,
leading to a wide range of adverse consequences in early and later life (63). Gestational age at
delivery is often used as a marker of fetal maturation and published literature indicates that
infants born prior to 39 weeks gestation may be at increased risk of adverse outcomes including
16

but not limited to respiratory problems, sepsis, feeding difficulties, and neonatal death (16, 18,
26, 29, 30, 47, 61-66). The final weeks of gestation prepare the fetus for a successful transition
into life outside of the uterus (67). Underdevelopment of fetal organ systems (e.g., functional
immaturity of lung structure) and brain-to-body communication (e.g., poor suck-swallow-breath
synchronization) has been cited as the impetus for many neonatal complications (62, 68).

Respiratory Morbidities
Some late preterm and early term infants develop respiratory morbidities soon after birth
(67), which may result in supplemental oxygen requirement or the need for ventilation.
Functional immaturity of the lung structure is thought to be the cause of the increased morbidity
since it makes the infant susceptible to delayed intrapulmonary fluid absorption, surfactant
insufficiency, and inefficient gas exchange (62, 67). Respiratory distress syndrome (RDS), also
known as hyaline membrane disease, remains the most common cause of significant
respiratory morbidity, occurring in an estimated 24,000 infants born in the US annually (69).
RDS occurs when immature alveolar cells in the fetus produce lower amounts of the surfactant
needed for pulmonary lung compliance and to prevent the lung from collapsing (atelectasis).
Surfactant is composed of phospholipids, and infants born too early may lack
phosphatidylglycerol, which can lead to deficient surfactant functioning and atelectasis (62). A
cascade of events follow, including pulmonary vascular constriction, decreased blood flow, and
ischemia. Hyaline membranes develop from the cellular debris, protein, and edema, fill up
alveolar air spaces, and ultimately block gas exchange (69).
The second most common respiratory morbidity, transient tachypnea of the newborn
(TTN), results from the delayed absorption of pulmonary fluid from alveolar air spaces. Although
various forces, including the squeeze exerted during a vaginal delivery, play a role in fluid
clearance, epithelial sodium channels (ENaCs) are primarily responsible for this process (62).
Since ENaC expression is developmentally regulated, infants born too early are at risk for lower
17

Table 2.1. The Joint Commission’s list of conditions possibly justifying elective delivery prior to
39 weeks gestation
Code
Shortened Decriptiona
Code
Shortened Decriptiona
042
HUMAN IMMUNO VIRUS DIS
649.32
COAGULATN DEF-DEL W P/P
641.01
PLACENTA PREVIA-DELIVER
651.01
TWIN PREGNANCY-DELIVERED
641.11
PLACENTA PREV HEM-DELIV
651.11
TRIPLET PREGNANCY-DELIV
641.21
PREM SEPAR PLACEN-DELIV
651.21
QUADRUPLET PREG-DELIVER
641.31
COAG DEF HEMORR-DELIVER
651.31
TWINS W FETAL LOSS-DEL
641.81
ANTEPARTUM HEM NEC-DELIV
651.41
TRIPLETS W FET LOSS-DEL
641.91
ANTEPARTUM HEM NOS-DELIV
651.51
QUADS W FETAL LOSS-DEL
642.01
ESSEN HYPERTEN-DELIVERED
651.61
MULT GES W FET LOSS-DEL
642.02
ESSEN HYPERTEN-DEL W P/P
651.71
MULT GEST-FET REDUCT DEL
642.11
RENAL HYPERTEN PG-DELIV
651.81
MULTI GESTAT NEC-DELIVER
642.12
RENAL HYPERTEN-DEL P/P
651.91
MULT GESTATION NOS-DELIV
642.21
OLD HYPERTEN NEC-DELIVER
652.01
UNSTABLE LIE-DELIVERED
642.22
OLD HYPERTEN-DELIV W P/P
652.61
MULT GEST MALPRES-DELIV
642.31
TRANS HYPERTEN-DELIVERED
655.01
FETAL CNS MALFORM-DELIV
642.32
TRANS HYPERTEN-DEL W P/P
655.11
FETAL CHROMOSO ABN-DELIV
642.41
MILD/NOS PREECLAMP-DELIV
655.31
FET DAMG D/T VIRUS-DELIV
642.42
MILD PREECLAMP-DEL W P/P
655.41
FET DAMG D/T DIS-DELIVER
642.51
SEVERE PREECLAMP-DELIVER
655.51
FET DAMAG D/T DRUG-DELIV
642.52
SEV PREECLAMP-DEL W P/P
655.61
RADIAT FETAL DAMAG-DELIV
642.61
ECLAMPSIA-DELIVERED
655.81
FETAL ABNORM NEC-UNSPEC
642.62
ECLAMPSIA-DELIV W P/P
656.01
FETAL-MATERNAL HEM-DELIV
642.71
TOX W OLD HYPERTEN-DELIV
656.11
RH ISOIMMUNIZAT-DELIVER
642.72
TOX W OLD HYP-DEL W P/P
656.21
ABO ISOIMMUNIZAT-DELIVER
642.91
HYPERTENS NOS-DELIVERED
656.31
FETAL DISTRESS-DELIVERED
642.92
HYPERTENS NOS-DEL W P/P
656.41
INTRAUTER DEATH-DELIVER
645.11
POST TERM PREG-DEL
656.51
POOR FETAL GROWTH-DELIV
646.21
RENAL DIS NOS-DELIVERED
657.01
POLYHYDRAMNIOS-DELIVERED
646.22
RENAL DIS NOS-DEL W P/P
658.01
OLIGOHYDRAMNIOS-DELIVER
646.71
LIVER/BIL TRCT DISR-DEL
658.11
PREM RUPT MEMBRAN-DELIV
648.01
DIABETES-DELIVERED
658.21
PROLONG RUPT MEMB-DELIV
648.51
CONGEN CV DIS-DELIVERED
658.41
AMNIOTIC INFECTION-DELIV
648.52
CONGEN CV DIS-DEL W P/P
659.71
ABN FTL HRT RATE/RHY-DEL
648.61
CV DIS NEC PREG-DELIVER
663.51
VASA PREVIA-DELIVERED
648.62
CV DIS NEC-DELIVER W P/P
V08
ASYMP HIV INFECTN STATUS
648.81
ABN GLUCOSE TOLER-DELIV
V23.5
PREG W POOR REPRODUCT HX
648.82
ABN GLUCOSE-DELIV W P/P
V27.1
DELIVER-SINGLE STILLBORN
649.31
COAGULATION DEF-DELIV
aICD-9-CM code description, in shortened form, as indicated on the Specifications Manual for Joint
Commission National Quality Measures (59).

18

expression of the channels, leading to higher levels of fluid left in the lung, and subsequently the
periods of rapid breathing (higher than 40-60 times per minute) characteristic of TTN (62, 69).
In addition to RDS and TTN, other respiratory morbidities may result from fetal infection
(pneumonia) or poor autonomic regulation and control of breathing from the brainstem. Late in
gestation, there are significant and nonlinear developmental changes that take place in the
brainstem, which affect a wide range of morphologic and neurochemical processes (62). As a
result of being born prior to these changes occurring, infants born less than full term have
immature upper airway and volume control, laryngeal reflexes, sleep mechanisms, and
chemical control of breathing (62).

Neonatal Sepsis
In their first few days outside of the intrauterine environment, newborn infants must rely
almost exclusively on their innate immune system to protect themselves against infectious
agents (70). The innate immune response recruits physical epithelial barriers, circulating
inflammatory response proteins, phagocytic leukocytes, natural killer leukocytes, and
maternally-acquired immunoglobulins. In infants born at increasingly earlier gestational ages,
these defense mechanisms may be impaired, leading to an increased susceptibility of infection
from a number of opportunist microorganisms (e.g., group B Streptococcus, Escherechia coli,
Haemophilus influenza, Listeria monocytogenes) (71). Also, due to the invasive monitoring (e.g.,
IV therapy, central vascular catheters) that may be required for preterm or early term infants
with other morbidities, the increased risk of neonatal sepsis may, in part, be due to healthcareacquired infections (62).
The pathophysiologic mechanisms responsible for the higher risk of infections, and the
response to those infections, are extremely complex and multifactorial (Figure 2.2). Only a
purview is provided in this section. Preterm and early term birth may cause deleterious changes
to the skin, weakening its ability to protect the infant. Vernix, a proteolipid cream that covers the
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skin and that can serve as a protective barrier against antioxidants and a promoter of
colonization with commensal organisms, has been shown to be reduced in infants born
prematurely (62). Also, an infant’s skin, which has a neutral pH as birth, tends to decrease in pH
in the first few weeks of life. This process, known as acid mantle development, may transpire
more slowly in infants born earlier, further reducing the skin’s ability to defend against microbes.
There are also a wide range of pattern recognition receptors (PRRs) that appear on the
cell surface and aid in the translation of pathogen recognition to the downstream activation of
the innate immune system (e.g., production of cytokines, chemokines, the complement system,
and recruitment of phagocytes) (62, 70). The expression of some of these PRRs (e.g., beta 2
integrin complement receptor type 3) is reduced in preterm neonates, impairing their ability to
gather at sites of inflammation (62). Similarly, stress and hypoxia are more likely in infants born
at earlier gestations, and the physiologic response to these events (e.g., increasing adenosine
levels) can inhibit production of other types of PRRs.
Various levels of the complement system, which assist the ability of antibodies and
phagocytes to clear pathogens, have been shown to decrease with lower gestational ages.
Depending on the component of the complement system effected, it could have a wide range of
effects on the newborn’s susceptibility to infectious organisms.

Feeding Difficulties
There is a clear developmental basis for feeding difficulties associated with moderately
preterm, late preterm, and early term infants, which relates to the relative maturity of sucking
and swallowing, and how these two activities coordinate with breathing (2, 68, 72, 73). First, in
infants born too early, the aforementioned respiratory morbidities may place feeding in direct
conflict with the requisite task of breathing. Second, developmental indicators of sucking and
swallowing are directly associated with length of gestation. The rate of sucking and the ability to
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Figure 2.2. Pathophysiology of neonatal sepsis and septic shock
Source: Wynn, J.L. and H.R. Wong, Pathophysiology and treatment of septic shock in neonates.
Clin Perinatol, 2010. 37(2): p. 439-79 (70).
aggregate sucks into “runs” (three or more sucks within 2 seconds) is correlated with gestational
age, but not with chronological age, which suggests that the early sucking process has more to
do with intrauterine maturation than with the ability to learn postnatally (68). Swallowing
indicators do not change significantly within the 32-40 week gestational age range, suggesting
that the swallowing mechanism may mature much earlier in the developmental process than the
ability to suck. However, swallowing in preterm and late preterm infants has been shown to be
associated with an increased occurrence of deglutition apneic events, which are temporary
arrests of the activity of the respiratory nerve center during an infant’s act of swallowing (68).
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Lastly, as gestational age decreases, markers of poor suck-swallow-breathing coordination
increase in frequency, including breathing during swallows, nasal airflow without chest
movement, and alternating blocks of suck-swallow and respiratory effort (68).
The naïve functionality of suck and swallow, and their coordination with respiration in
preterm and early term infants may lead to difficulty initiating and maintaining breastfeeding,
gaining weight, and preventing dehydration in early life (62). Moreover, preterm infants
experience higher rates of gastroesophageal reflux, making food intake and weight gain even
more challenging.

Epidemiologic Evidence
What follows is a review of the literature that has investigated the impact of the timing of
delivery within term gestations, as well as the “electiveness” of the delivery, on major infant
outcomes.

Respiratory Morbidity
The body of literature suggests a strong consensus that early term neonates experience
higher rates of respiratory morbidity than those born at later term, although the increased
relative risk varies by study design, study population, definitions of respiratory conditions, and
the source of clinical and perinatal information (1, 8, 16, 47, 74-79).
Madar et al. conducted a retrospective study of over 179,000 infants born alive at ≥34
weeks gestation in Northern England from 1988-1992. Gestational age was based on the last
menses date, modified when necessary by antenatal ultrasound, and cross-validated with
obstetric notes. The unadjusted risk of the study outcome, ventilation for severe RDS, was
significantly higher for infants born at 37 weeks (18.0 per 10,000 births) and 38 weeks (5.9 per
10,000 live births), versus 39-41 weeks, in which only 1 of 133,277 had RDS. Another European
study in the mid-1990s was conducted by Morrison et. al. in which 33,289 deliveries at ≥37
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weeks gestation in a single hospital in Cambridge were analyzed to determine the influence of
timing of elective cesarean section on neonatal respiratory morbidity (80). The authors reported
that compared to elective cesareans at 40 weeks, the crude rate of respiratory morbidity for
elective cesareans at 37 and 38 weeks were 14 and 8 times higher, respectively.
In 2008, Cheng et. al. conducted one of the largest national studies to date, using the
US Vital Statistics Natality birth certificate registry to examine over 2.5 million low-risk, term,
singleton live births occurring at 37-41 weeks gestation in 2003 (77). Gestational age was
determined using the obstetric/clinical estimate of gestation, and the risk of perinatal outcomes,
identified using birth certificate data elements, was compared across each week of gestation.
Multivariable logistic regression models were adjusted for maternal age, parity, race/ethnicity,
education, number of prenatal care visits, and tobacco use during pregnancy. Compared to
infants born at 39 weeks, those born at 37 were at increased risk of hyaline membrane
disease/RDS (OR=3.12, 95%CI: 2.90-3.38) and the need for mechanical ventilation greater than
30 minutes (OR=2.02, 95%CI: 1.88-2.18). Infants born at 38 weeks were also at 30% and 15%
increased odds of RDS and ventilation support, respectively. The authors were unable to
assess whether the associations were different depending on whether the delivery was elective,
spontaneous, or medically-indicated.
Ghartey et. al. conducted a smaller retrospective cohort study at New York Presbyterian
Hospital, focusing on neonatal respiratory morbidity among 2,273 singleton births occurring in
2010 that were between 37 and 39 weeks gestation (26). Electronic medical records were used,
and a perinatal database with clinical information was developed specifically for the study.
Gestational age was determined by a combination of the clinical estimate, the date of last
menses, and the earliest ultrasound scan. Infants born at 37-38 weeks experienced a 2-fold
increased risk of RDS (RR=2.9, 95%CI: 1.0-7.9), oxygen use (RR=2.0, 95%CI: 1.4-2.9), and
continuous positive airway pressure (RR=1.9, 95%CI: 1.1-3.2). However, the study had too few
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cases of ventilation support and hypoxic ischemic encephalopathy to assess their association
with timing of delivery.
In 2009, Tita et. al. published the results of one of the most methodologically-rigorous
multi-center investigations on EED and neonatal outcomes (16). The retrospective cohort study
examined over 22,077 repeat cesarean sections performed between 1999 and 2002 at 19
academic centers that are part of the NICHD’s Maternal-Fetal Medicine Units Network. The
study cohort reflected the socioeconomic and demographic distribution of the US population.
Women were identified by trained medical personnel who collected study data on standardized
forms. Those women with multiple gestations, that had a fetus with a congenital anomaly, or
that were diagnosed with any other medical condition that would warrant early or immediate
delivery were excluded. The 13,258 elective repeat cesareans identified were categorized
according to the number of completed weeks of gestation, which was determined by obstetrical
providers. The myriad of neonatal outcomes included RDS and TTN, with strict clinical
definitions for each. Multivariable logistic regression models were adjusted for maternal age,
race/ethnicity, marital status, number of previous cesareans, payer, tobacco use during
pregnancy, and diet-controlled diabetes. Compared to elective repeat cesareans at 39 weeks,
those performed at 37 and 38 weeks were at significantly increased odds of both RDS (37
weeks: OR=4.2, 95%CI: 2.7-6.6; 38 weeks: OR=2.1, 95%CI: 1.5-2.9) and TTN (37 weeks:
OR=1.8, 95%CI: 1.2-2.5; 38 weeks: OR=1.5, 95%CI: 1.2-1.9).
One limitation reported by Tita et. al. was that their study failed to collect information on
fetal lung maturity (FLM) (16). In fact, despite consistency of the evidence that early term
delivery increases the risk of respiratory morbidity and the need for ventilation support,
deliveries that occurred before 39 weeks with no medical or obstetric complications, but that
were accompanied by a positive lung maturity test, were not considered unacceptably early
(16). There was little evidence that the elevated risk of respiratory morbidity among early term
infants persisted once FLM had been demonstrated (78). In fact, medical professionals
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commonly viewed a positive FLM test as reassurance that the risk of respiratory morbidity would
be low (66). However, in 2010 Bates et. al. performed a retrospective cohort study from 1999
through 2008 at the University of Alabama at Birmingham, comparing 459 infants delivered at
36-38 weeks with a positive FLM test to over 13,000 infants who were delivered at 39-40 weeks
gestation (47). All pregnancies with congenital anomalies, cord prolapse, abruption,
oligohydramnios, or nonreassuring testing were excluded. In addition to other neonatal
outcomes, the study examined RDS, TTN, bronchopulmonary dysplasia, persistent pulmonary
hypertension, the need for ventilation support, and the use of surfactant. After adjusting for age,
race/ethnicity, parity, sex, intended mode of delivery, and medical complications, infants born at
36-38 weeks, despite their mature lung profile, were at higher risk of RDS (OR=7.6, 95%CI: 2.226.6), the need for respiratory support (OR=2.0, 95%CI: 1.1-3.6), and surfactant use (OR=6.5,
95%CI 1.0-41.0). The results supported the argument that FLM is not sufficient justification for
early delivery when no other clinical indications are present. However, the authors mixed the
effects of late preterm and early term gestations (index group was 36-38 weeks), and only
considered timing of the delivery and not whether or not the delivery was elective (47).

Neonatal Sepsis
Despite being listed frequently as a complication of EED (18), there are few studies that
have compared the risk of neonatal sepsis across term gestational ages, and that have also
considered when the delivery was elective, spontaneous, or medically-indicated. The most
frequently cited of these studies was restricted to repeat cesarean sections (16).
Bates et. al. found a nearly two-fold higher risk of suspected/proven sepsis (diagnosed
using ICD-9-CM codes) among 36-38 week versus 39-40 week births, after adjusting for
potential confounders (OR=1.7, 95%CI: 1.1-2.7) (47). In their study, the risk of
suspected/proven sepsis was 5.9% in the 36-38 week group. These findings were also
supported by studies with a clinical diagnosis of sepsis. In the large multicenter study by Tita et.
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al., described in the previous section, newborn sepsis was clearly defined and placed into
suspected and proven categories (16). Suspected infections were based on clinical findings that
suggested infection, and proven infections were those confirmed by any of the following: 1)
positive blood culture, 2) positive cerebrospinal fluid culture, 3) positive urine culture (in which
urine was obtained by catheterization or suprapubic aspiration), 4) cardiovascular collapse, or 5)
an unequivocal radiograph confirming infection (81). The rates of suspect or proven sepsis
(combined category) was higher among infants born via repeat cesarean at 37 weeks (7.0%)
and 38 weeks (4.0%) than among those born at 39-40 weeks (2.6%). After adjusting for
potential confounders, the risk of suspect or proven sepsis was nearly 3 times higher for infants
born at 37 weeks (OR=2.9, 95%CI: 2.1-4.0), and 70% higher for those born at 38 weeks
(OR=1.7, 95%CI: 1.4-2.2). There were only seven cases of proven sepsis among the entire
cohort of 13,000 infants, and although the highest rate was observed in the 37-week group, it
was not statistically significantly different from other groups. These findings were nearly identical
when Chiossi et. al. performed an analysis on the same study population. However, instead of
comparing the timing of delivery only among elective repeat cesareans, the authors compared
repeat cesarean deliveries at each gestational age (starting at 37 weeks) with the cumulative
maternal and neonatal risks of pregnancy continuation beyond that time point (82).

Feeding Difficulties
Feeding difficulties constitute a range of problems with suck and swallow reflexes, and
their coordination in the newborn, that lead to a difficulty or inability to swallow. A large number
of studies have demonstrated that the risk of feeding problems in the preterm infant exceeds
that in the term infant (72, 83, 84). Other studies, including a meta-analysis, have also
demonstrated a negative association between pre-labor cesarean delivery (emergency and
elective) and early breastfeeding (any initiation or at hospital discharge) (85, 86). However, few
studies have investigated whether early term infants are at greater risk of feeding problems
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relative to term infants. In fact, no studies with a sufficiently large sample size have investigated
the risk of feeding difficulties across deliveries that differed by both timing and reason for
delivery initiation.
In the study mentioned earlier by Bates et. al., feeding difficulties were among the many
neonatal outcomes identified using ICD-9-CM codes that were assigned by the neonatologist on
discharge, death, or transfer of the baby (47). Compared to infants delivered at 39-40 weeks,
those delivered at 36-38 weeks with a demonstrated FLM were more 3.6 more likely to
experience feeding difficulties (95%CI: 1.8-7.3). However, there were only seven cases of
feeding difficulty in the 36-38 week group, so feeding difficulties were lumped into a composite
adverse outcome indicator for multivariable analyses. Furthermore, it was not clear how many
cases of feeding difficulty came from 36 week, as opposed to 37 and 38 week infants.
In 2012, Dietz et. al. analyzed Kaiser Permanente Northwest’s clinical and administrative
data systems on 22,420 singleton infants to investigate patterns of health care utilization among
infants born across the spectrum of term gestations of 37-42 weeks (study explained in more
detail in Health Care Utilization section) (24). Among infants re-hospitalized within two weeks
following birth, feeding difficulties were documented as a complication in over 25% of those
infants born at 37 and 38 weeks; however, this rate was not significantly different from rehospitalized infants born at later term gestations.

Mortality
It has been well-established that infants born at less than 37 weeks are at increased risk
of infant mortality compared to those born at later gestational ages (87). However, most studies
investigating the association between timing of delivery and infant outcomes, or the association
between elective delivery (vs. non-elective) and infant outcomes, lack the statistical power to
examine infant mortality due to limited sample size and the rarity of death among those infants
born in the term period (15, 16, 26, 88). Those studies have combined infant death in with other
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infant morbidities as part of a composite indicator of adverse outcomes, but did not analyze
infant mortality separately (16, 47).
By far, the largest study investigating the association between term gestational ages and
infant mortality was performed by Reddy et. al., in which they analyzed 1995–2006 National
Center for Health Statistics (NCHS) period-linked birth and infant death data for over 46 million
singleton live births in the US between 37 and 41 completed weeks of gestation (89).
Gestational age was calculated using the last menses date, and infants were categorized as
early term (37-38 weeks) and full term (39-41 weeks). Crude neonatal, post-neonatal, and infant
mortality rates were calculated according to timing of delivery, race/ethnicity, and cause of
death. Although mortality rates have declined for both early and full term births between 1995
and 2006, there was a clear difference in mortality according to gestational age. During each
year of the analysis, the risk of neonatal, post-neonatal, and infant mortality was highest among
37-week deliveries (3.9 per 1,000 in 2006), followed by 38-week (2.5 per 1,000 in 2006), with
the lowest risk in the 40-week group (1.9 per 1,000 in 2006). This trend was consistent across
all race/ethnic groups. Compared with infants delivered at 40 weeks, those delivered at 37
weeks were between 2 and 3 times more likely to die in the first seven days of life, regardless of
race/ethnicity (NH-white: RR=2.6, 95%CI: 2.2-3.1; NH-black: RR=2.9, 95%CI: 2.2-3.8; Hispanic:
RR=2.6, 95%CI: 2.0-3.3). The risk of neonatal death was also higher among infants delivered at
38 weeks, with a 50% to 70% increased risk across race/ethnic groups. The increased risk of
death for early term infants was not confined to the neonatal period. The relative risk of dying in
the post-neonatal period for an infant born at 37 weeks compared to one at 40 weeks was 6080% higher, depending on the race/ethnic group (NH-white: RR=1.8, 95%CI: 1.6-2.1; NH-black:
RR=1.6, 95%CI: 1.3-1.9; Hispanic: RR=1.7, 95%CI: 1.3-2.1). Although the data clearly support
an association between early term delivery and increased risk of infant mortality, the study’s
sole reliance on vital records precludes its ability to adequately identify indications for early
delivery. Therefore, it does little to elucidate the important interplay between timing of delivery
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and the reason for delivery initiation (e.g., spontaneous, elective, medically-indicated) on infant
mortality.

Health Care Utilization
Increased health care utilization (e.g., increased frequency of encounters, longer lengths
of stay) can be viewed as an indicator of infant morbidity. Similar to infants born in the late
preterm period (25), neonates born in the early term period are more likely to receive intensive
care, have longer stays in the hospital, and be more likely to require re-hospitalization within the
first year of life (15, 16, 23, 26, 27, 29, 30, 47). Organizational and facility protocols differ slightly
on what triggers a NICU admission (e.g., immediate ventilation, ventilation lasting more the 30
minutes, surfactant therapy, treatment for sepsis, seizures, low Apgar scores), and studies differ
greatly on their study populations (e.g., only elective repeat cesareans, all elective cesareans);
however, most studies report at least a two-fold increased likelihood of NICU admission
associated with EED. In their study among elective repeat cesareans, Tita et. al. reported that
12.8% of 37-week and 8.1% of 38-week infants were admitted to the NICU, compared to 5.9%
and 4.8% of 39-week and 40-week infants, respectively (16). After adjusting for potential
confounders, infants born at 37 weeks had a 2.3 times higher risk of an NICU admission,
compared to infants born at 39 weeks (95%CI: 1.9-3.0). In their analysis of over 2,000 deliveries
in a New York hospital, Ghartey et. al. (76) reported rates of NICU admission that decreased as
gestational age increased from 37 to 39 weeks (37 weeks: 8.2%; 38 weeks: 4.4%; 39 weeks:
3.7%; p<.001). Similarly, in a 3-month prospective observation study conducted in 27 US
hospitals on over 14,000 elective inductions and cesareans, Clark et. al. reported higher rates of
NICU admissions for those born at 37 weeks (17.8%) and 38 weeks (8.0%), compared to those
born at 39 weeks or more (4.6%) (15). Although rates of admission varied according to type of
elective delivery (induction, primary cesarean, repeat cesarean), the inverse association with
gestational age persisted. As previously described, Bates et. al. compared infants born at 36-38
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weeks with confirmed FLM to those born at 39-40 weeks and still found an adjusted 70%
increased risk of NICU admission (OR=1.7, 95%CI: 1.1-2.7) among the 36-38 week group (16).
Hoffmire et. al. reviewed medical charts for over 1,500 singleton deliveries at a single
institution to compare NICU admission rates between elective and non-elective deliveries, by
method of delivery (induction, cesarean) (27). Their multivariable model included week of
gestation at delivery as well as reason for delivery initiation. Compared to non-elective vaginal
births, the adjusted risk of NICU admission was higher for elective vaginal (RR=1.40, 95%CI:
1.00-1.94) and cesarean (RR=2.05, 95%CI: 1.53-2.76) deliveries. After adjusting for
method/reason for delivery, infants born at 37 weeks had a higher risk of NICU admission, even
compared to those born just one week later (RR=1.39, 95%CI: 1.07-1.79).
In 2012, Dietz et. al. extended beyond birth when they analyzed 22,420 singleton infants
born at 37-42 weeks between 1998 and 2007, using Kaiser Permanente Northwest’s clinical
and administrative data systems (24). Infants born at different gestational ages were compared
on several indicators of health care utilization in the first year of life: length of stay during the
birth hospitalization, risk of being re-hospitalized within two weeks, risk of re-hospitalization
during weeks 3-52, and the frequency and length of stay during re-hospitalizations. After
adjusting for a wide range of socio-demographic and perinatal confounders, infants delivered
vaginally at 37 weeks were 2.2 (95%CI: 1.6-3.1) times as likely of staying 4 or more days in the
hospital compared to those born at 39-40 weeks. Infants born at 37 weeks also had an
increased odds of being re-hospitalized within two weeks of birth (OR=2.6, 95%CI: 1.9-3.6), and
a higher adjusted mean number of sick or emergency room visits (8.1) compared to those born
at 39-40 weeks (7.3).

Long-Term Outcomes
The potential impact of EED on health outcomes is not limited to the first year of life;
early complications have the potential to translate into various problems in later life. Academic
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achievement, neurodevelopmental outcomes, behavioral problems, and the need for special
education and early intervention services vary with gestational age among term gestations (9095).
In Chile, Rose et. al. used data from an RCT of iron supplementation to investigate the
association between gestational age and mental and psychomotor developmental scores
among children born at 37 to 41 gestation (95). The study examined 1,562 healthy infants born
1991-1996 that weighed at least 3000 grams at birth. At 12 months, the Mental and
Psychomotor Bayley Scales of Infant Development (BSID) were used to measure
developmental outcomes. Multivariable analyses adjusted for potential confounders including
sex, socioeconomic status, markers of the home environment, iron status, and birth weight
percentile (95). With each additional week of gestation from 37 to 41 weeks, the BSID mental
and psychomotor indices increased by 0.81 points (95%CI: 0.21-1.41) and 1.35 points (95%CI:
0.60-2.10), respectively. The authors’ findings suggest that the mental and psychomotor
development of babies delivered at 37 weeks is more comparable to that of late preterm, as
opposed to full term infants.
MacKay and colleagues conducted a population-based, retrospective cohort study in
Scotland by linking birth data with school census data, and investigating the association
between gestational age at birth and the risk of special educational need (91). Even after
adjusting for a wide range of maternal and infant socio-demographic and perinatal factors, there
was an increasing risk of special educational with decreasing gestational age within the 37-40
week interval. Compared to 40-week births, the odds of special needs was 36% (OR=1.36,
95%CI: 1.27-1.45) and 19% (OR=1.19, 95%CI: 1.14-1.25) higher for 37 and 38-week births,
respectively. As noted by the authors, although the absolute risk of special needs was highest
for preterm infants, because of the high frequency of early term deliveries, children born at early
term accounted for more cases of special needs (5.5%) than children delivered preterm (3.6%).
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Noble et. al. examined the degree to which school achievement varies by gestational
age among children born in the “normal term” range (93). The retrospective cohort study
consisted of over 128,000 singleton births born to mothers residing in New York City (NYC) from
1988-1992 who were subsequently enrolled in third grade in a NYC public school and for whom
standardized reading or math test scores were available. To create the cohort, birth records
were linked to NYC Board of Education records. With each single week increase in gestational
age, reading and math scores improved. Children born at 37 weeks, compared to those at 41
weeks, were more likely to have mild (RR=1.14), moderate (RR=1.12), and severe (RR=1.33)
reading problems, as well as mild (RR=1.16) and moderate (RR=1.19) math problems. Children
born at 38 weeks also experienced higher risk of reading and math problems, although the
magnitude of the effect was attenuated (93). The authors demonstrated that these effects were
independent of birth weight, and a wide range of socio-demographic, obstetric, and economic
factors.
In a 2013 publication from Australia, Robinson et. al. reported on the behavioral
outcomes of over 2,900 pregnancies that were part of the Western Australian Pregnancy Study
(92). Offspring were followed up at ages 2, 5, 8, 10, 14, and 17 years, in which the primary
caregiver completed a 118-item Child Behavior Checklist that assessed various internalizing
and externalizing behaviors. The authors used generalized estimating equations to describe the
effects of gestational age on the odds of various behavioral outcomes, after adjusting for
potential confounding factors and accounting for the clustered nature of the data. When
compared with children born at ≥39 weeks, those born at 37 weeks had 43% higher odds of
overall problems and 42% higher odds of externalizing behavioral problems (e.g., delinquency,
aggression).
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Choice of Comparison Group
As stated in Chapter 1, although many observational studies have reported an
increased risk of infant morbidities after EED, compared to spontaneous deliveries at later
gestational ages, several studies and editorials have speculated that their findings may be due
to an inappropriate choice of the comparison group (e.g., only later term spontaneous delivery)
(14, 37-39). By comparing EED only to later term spontaneous deliveries, these studies may be
overestimating the adverse effects of EED. Since the clinical decision that must be made is a
choice between EED and expectant management, in which the later delivery outcome remains
unknown (37, 38, 41), the more appropriate comparison group should consist of all infants
whose deliveries occurred at a later gestational age, and who were at risk for an early elective
delivery.
In 2011, Hernandez et. al. conducted a retrospective cohort study among all singleton,
term, live-born gestations, with no prior cesarean, at a single California institution between 1995
and 2004 (38). Data were extracted from a perinatal database in which records from routine
medical chart review were matched to administrative discharge records. The primary exposure
of interest was elective induction of delivery before 39 weeks (early induction group). The infant
outcomes investigated included birth trauma, perinatal infection, respiratory conditions, and a
birth hospitalization LOS ≥5 days. The comparison group consisted of women eligible for
elective induction at 39 weeks, but who delivered at ≥39 weeks, regardless of final delivery
route or reason for initiation of delivery (expectant management group). To demonstrate the
impact that choice of the comparison group had on study results, the expectant management
group was also divided into five subgroups (elective induction 39-40 weeks, elective cesarean
39-40 weeks, spontaneous labor 39-40 weeks, deliveries at 39-40 weeks after development of a
late pregnancy complication, and all deliveries at ≥41 weeks) (38). Compared to the entire
expectant management at 39-40 week group, the early induction group did not experience a
statistically significantly increased risk for any neonatal outcome (perinatal infection: OR=1.29,
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95%CI: 0.76-2.19; respiratory problems: OR=1.41, 95%CI: 0.80-2.48). However, results varied
considerably depending on the comparison group used. As expected, the early induction group
was shown to have experienced an increased odds of perinatal infection (OR=1.82, 95%CI:
1.07-3.10) and a borderline increased odds of respiratory problems (OR=1.77, 95%CI: 0.993.15) when compared to the uncomplicated spontaneous labor group. Although underpowered
with only 125 deliveries in the early induction group, and too few elective term cesareans before
39 weeks to analyze, the study raised the question as to whether much of the previous literature
falsely elevated the risk of EED based on selection of an unfair comparison group.
Recently, another California study retrospectively examined a statewide dataset that
contained linked birth, infant death, and hospital discharge data on nearly all deliveries in 2006
(37). After excluding women with prior cesareans and deliveries with documentation of being
breech, multiple gestation, or affected by a major or minor birth defect, over 362,000 deliveries
between 37 and 42 weeks gestation were selected. The Joint Commission’s list of indications
possibly justifying delivery before 39 weeks gestation was used to identify deliveries without a
medical indication (elective). Women with an elective induction, at each term week of gestation,
were compared to an expectant management group consisting of women who delivered at later
gestational ages but without antepartum indications for early delivery. Neonatal outcomes
included perinatal mortality, respiratory distress, hyperbilirubinemia, shoulder dystocia,
macrosomia, and NICU admission, transfer, or length of stay greater than mother’s, using either
vital statistics records or ICD-9-CM codes on discharge data to identify each condition (37). In
general, with the exception of hyperbilirubinemia and shoulder dystocia, the rates of other infant
outcomes were either no different or lower with elective induction compared to expectant
management. Multivariable modeling revealed that elective induction was not associated with
an increased odds of respiratory distress, NICU admission, or perinatal death at any gestational
age, and was only associated with an increased odds of hyperbilirubinemia at 37 weeks
(OR=1.29, 95%CI: 1.05-1.59) and 38 weeks (OR=1.17, 95%CI: 1.00-1.37).
34

The impact of choice of comparison group was further investigated in 2010 when Bailit
et. al. retrospectively examined electronic medical records from 10 US institutions in the
Consortium on Safe Labor, a large multicenter cohort study specifically designed to characterize
labor and delivery (88). The analysis was limited to 115,528 deliveries from 2002 through 2008
that represented a low-risk obstetric population: vertex, singleton deliveries without a prior
uterine scar and without conditions that would increase the risk of maternal hemorrhage. The
primary exposure was labor onset type, which was divided into four categories: 1) spontaneous
labor, 2) elective induction of labor, 3) indicated induction of labor, and 4) unlabored cesarean.
The incidence of neonatal outcomes (ventilator use, asphyxia, sepsis, NICU admission, and
NICU length of stay) were then stratified by labor onset type and each single week of gestation
from 34-42 weeks. Their results continued to substantiate the findings of smaller, single-center
studies that neonatal outcomes tend to improve with increasing gestational age until 39 weeks.
However, the authors also reported that, for a given gestational age, elective induction of labor
does not worsen, but may actually improve neonatal outcomes. After adjusting for a wide range
of potential confounders including maternal age, race, parity, preeclampsia, eclampsia, chronic
hypertension, diabetes, premature rupture, and antepartum group B streptococcus, elective
induction was associated with a reduced risk of sepsis (OR=0.36, 95%CI: 0.26-0.49), ventilator
use (OR=0.38, 95%CI: 0.28-0.53), and NICU admission (OR=0.52, 95%CI: 0.48-0.57),
compared to spontaneous deliveries (88). The authors found it “encouraging” that with the
increased utilization of elective induction, babies born via elective induction are associated with
better outcomes compared to spontaneous labor.

Summary
Although there are epidemiologic data that support a beneficial impact of elective
induction of labor for women at and beyond 41 weeks gestation (22, 96), the evidence regarding
the effect of elective induction or cesarean at earlier term gestations on the risk of neonatal
35

morbidity and mortality suggests an adverse effect. A large number of retrospective studies
have reported poorer neonatal birth outcomes (respiratory disorders, sepsis, feeding difficulties,
early mortality) for early-term (37-38 weeks) versus later-term (≥39 weeks) deliveries. However,
many studies have been conducted at a single institution or using data from a single HMO and
do not adequately reflect the considerable variation across US facilities regarding policies and
procedures for scheduling inductions and cesarean deliveries. Most of these studies also suffer
from a lack of statistical power to investigate the effect of EED on rare neonatal outcomes,
particularly infant mortality, or to adequately control for important potential confounding factors.
There remains significant controversy, disagreement, and inconsistency regarding definitions of
justifiable indications for elective delivery prior to 39 weeks and the classification of deliveries
into meaningful exposed and comparison groups (14, 37, 38). The variation in these facets of
research makes comparisons across studies difficult and has impeded progress in compiling the
evidence, as articulated by Darney et. al. (37):
“Evidence is mounting that elective induction does not increase risks of cesarean
delivery and may actually reduce risks of certain outcomes; however, results depend on
the analytical method used… Recently, there have been numerous attempts to reduce
induction of labor without medical indication before 39 weeks of gestation and in some
cases to reduce induction without an indication overall. Unfortunately, these efforts are
based on a relatively limited literature and like many medical decisions, there are likely
tradeoffs in the use of induction of labor without medical indication.”
Furthermore, most investigations have based their analyses on early-term versus late-term or
elective versus non-elective comparisons; few have also examined the differences in neonatal
outcomes among subtypes of early term deliveries (e.g., elective, spontaneous, indicated).
Lastly, there have been few studies that have evaluated infant morbidity outcomes after
discharge from the birth hospitalization.
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CHAPTER THREE:
METHODS

Study Design
A population-based retrospective cohort study was conducted to investigate the
association between EED and subsequent infant morbidity, mortality, and health care utilization
in the first year of life. Data were examined from a statewide, multi-year, clinically-enhanced
database created by linking birth certificate records to maternal and infant hospital discharge
records, and to infant death certificates, for all infants born to Florida-resident mothers (97). The
analytic time frame for this study covered a five-year period (2005-09).
The study’s use of a multiple-source, linked database has provided a more accurate
estimation of the study exposure (EED) and clinical outcomes than studies that rely solely on
birth certificate or hospital discharge data alone (11, 60, 98-105). Furthermore, while most
research is limited to birth and delivery information, the longitudinal linkage of data facilitates the
capture of health-related encounters after discharge, allowing for the investigation of the
potential impact of EED throughout an infant’s first year of life. Also, whereas many studies
investigating elective and early term delivery are from a single institution (26-28, 38, 47, 106,
107), health maintenance organization (24), or pregnancy education program (29), this study
includes information from over 125 birthing hospitals in Florida, capturing data from facilities
whose size, level of care, patient admixture, and institutional policies regarding elective
deliveries vary considerably. In the next section, a brief description of the study population will
be provided, followed by a detailed description of the data sources and linkage algorithms used
to create the study database.
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Study Population
The initial study population consists of all singleton infants born alive at term (≥37
weeks) to Florida-resident mothers between January 1, 2005 and December 31, 2009 who were
captured in the statewide linked database. This time frame was chosen to coincide with the
2004 revised version of the Florida Certificate of Live Birth, as older birth certificates failed to
document whether a trial of labor was attempted prior to cesarean delivery. This variable is not
captured in hospital discharge data and is critical to accurately classifying the reason for
delivery initiation. Births that did not occur in Florida, home births, and births that took place in
military hospitals were excluded, primarily due to the unavailability of discharge records
collected by the Agency for Health Care Administration (AHCA, see Data Sources section for
further detail). Also, since this study was designed to focus on outcomes that occur at routine
delivery hospitals, infants born in hospitals with <100 births per year were excluded.
Maternal-infant dyads comprising the study population were then classified into groups
according to the primary exposure, EED, which depends on the gestational age at delivery and
the reason for delivery initiation. In order to study the impact of elective delivery prior to 39
weeks, all infants delivered to mothers with an established medical condition that could have
justified early delivery were excluded from the study, as it would not be possible to determine if
an early delivery in those cases was elective or medically-necessary. Details regarding
exposure definition and classification, as well as the conditions that would justify elective
delivery prior to 39 weeks, are provided in the Definition of Key Study Variables section (page
46).
There were slightly over million singleton infants in the study database born at ≥37
weeks in non-military, routine delivery hospitals in Florida between January 1, 2005 and
December 31, 2009. The final study population, following all exclusions described in this
chapter, was 616,250 infants with 200,548 (32.5%) delivered early (37-38 weeks).
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Data Sources
This study leveraged administrative data from two agencies: the AHCA and the Florida
Department of Health (FDOH). AHCA is the chief health policy and planning entity for the state,
operates the Florida’s Medicaid program, handles licensure of health care facilities, and collects
discharge data from facilities in accordance with state statutes. The FDOH, through their Bureau
of Vital Statistics (VS), compiles official records and reports of birth, death, and fetal death for
events that are experienced by Florida residents, regardless of where they occur, or that occur
in Florida even if Florida is not their usual place of residence.

Florida Vital Statistics Data
The US NCHS, through their Public Health Conference on Records and Statistics, has
recommended standard forms for states to collect and maintain uniform vital records (108).
Physicians, nurse midwives, and funeral directors are responsible for completing vital records
and submitting them to local registrars in their county, who then forward them to the Bureau of
VS for incorporation into a statewide database (108). Birth certificates capture pregnancy and
delivery-related information on birth mothers (e.g., age, race and ethnicity, marital status, level
of highest education, pregnancy history, morbidities of the current pregnancy, tobacco and
alcohol use during pregnancy, obstetric procedures performed, and selected characteristics of
labor/delivery) and their infants (e.g., birth weight, abnormal conditions, congenital
malformations). Death certificates contain information on each decedent, including timing and
location of death, and the recorded underlying and contributing causes of death, which are
captured in the form of ICD-9 or ICD-10 codes. All vital records capture socio-demographic
characteristics and personal identifiers that are necessary for linkage to other public health,
clinical, or administrative data sources. In 2003, the NCHS revised the recommended birth,
death, and fetal death standard certificates. These changes were made in an effort to improve
the quality and specificity of data collected, and to collect new data elements including maternal
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pre-pregnancy height and weight and the principal payer for a delivery (109). Florida modified its
birth certificate in 2004 and its death certificate in 2005 to incorporate the recommended
modifications. Vital records are maintained at the person-level and a unique administrative
number is assigned to each infant (in the case of birth) or decedent (in the case of death). The
Bureau of VS has ongoing protocols to link birth and infant death certificate records, and to link
birth certificate records belonging to the same mother together. Thus, the VS file used in this
study is one that is both maternally-linked and a linked birth-infant death database.

Florida Hospital Discharge Data
In Florida, state law requires that all health-care facilities (with the exception of military,
state, and federally-owned hospitals) collect and submit data on all civilian hospital discharge
records to AHCA on a quarterly basis. The discharge records are compiled into one of three
databases depending on the nature of the medical encounter. The hospital inpatient database
consists of acute, intensive care, and psychiatric discharges that occur at acute care hospitals,
short/long-term psychiatric facilities, and comprehensive rehabilitation facilities (110, 111).
AHCA’s ambulatory database captures information on outpatient visits (primarily those surgical
in nature or involving invasive diagnostic procedures) to freestanding ambulatory surgical
centers, short-term acute care hospitals, and other specialty centers (cardiac catheterization
labs, radiation therapy centers, lithotripsy centers) (110). Beginning in 2005, AHCA also began
collecting data from emergency departments to include visits in which a patient is registered in
the emergency department, but is not subsequently admitted for inpatient care (in which case
he/she would appear in the inpatient file) (110). Each AHCA discharge database contains
similar information, including: the facility of care, patient demographics, the source of the
hospital admission (e.g., physician referral, transfer from another facility), the patient’s
disposition at discharge (e.g., sent home, to another facility, expired), detailed clinical diagnoses
and medical procedures (documented using ICD-9 codes), and hospital charges for specific
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departments within the facility. Florida hospital discharge records do not contain patient names,
but do capture other identifying information that can be used to link to other data sources, such
as dates of birth (DOB) and social security numbers (SSN). Also, critical to this study, hospital
inpatient records for patients under the age of two contain a field intended to capture the
mother’s SSN, which is required to link maternal delivery and infant birth hospitalizations with
acceptable accuracy and reliability (97).

Data Linkage
One of the ways in which this study improves upon existing research on EED is its use
of a large, longitudinal, multipurpose database designed to conduct epidemiologic, comparative
effectiveness, and health services research in maternal and child health populations. Several
agencies in Florida (FDOH, AHCA, and university collaborators) have worked together for many
years to link vital records and hospital discharge data, mostly notably to develop a statewide
registry for birth defects. However, the inability to dedicate funds towards improving linkage
algorithms limited the database’s scope and utility since it was restricted to singletons,
automatically excluded anyone without a valid SSN from the candidate record pool for linkage,
and did not offer an ability to adequately investigate post-birth events or hospitalizations that did
not take place in the inpatient setting. In 2010, Dr. Hamisu Salihu at the University of South
Florida was awarded a 3-year federal grant from AHRQ using American Recovery and
Reinvestment Act funding. An integral part of the grant was to improve and evaluate Florida’s
statewide, hospital-based encounter-level data so that it may serve as an inexpensive but
reliable evidence base for conducting maternal and child health research. I was included in the
study to serve as the principal architect of a revised data linkage protocol that would: 1)
enhance the quality and specificity of existing linkages; 2) devise a reliable method for linking
previously excluded populations (multiple births and maternal/infant dyads lacking
documentation of a valid SSN); 3) expand linkage from only inpatient discharges to include
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ambulatory and emergency department records; 4) extend the follow-up of mothers and babies
conferred by linkage to all healthcare facility encounters to the maximum allowable by the
available data, and 5) evaluate the linked database so that potential biases of using it for
surveillance or research would be well understood. The linkage strategy has been adopted by
the FDOH and will be used to link newer VS and discharge databases as they become
available. A manuscript has been published detailing the creation and evaluation of the linked
database (97), which is described briefly in the following sections.

Guiding Approach
The principal aim was to link all birth certificate records for Florida resident births taking
place between January 1, 1998 and December 31, 2009 to the infant hospital discharge birth
record and the maternal hospital discharge delivery record. This was termed the “base linkage”
since these three records collectively offer a baseline of maternal and infant socio-demographic,
perinatal, and clinical data that occurred at the time each infant was born. Then, among these
maternal-infant dyads, record linkage was used to capture all inpatient, ambulatory, and
emergency department visits that the infant had following the birth hospitalization, and all
prenatal and postnatal hospital encounters that the mother had during the 1998-2009 period.
The overarching approach to this linkage is described in Figure 3.1. The primary
variables include those that are common to hospital discharge and birth vital records: 1) DOBs,
2) SSNs, 3) facility of care/birth, 4) zip code of residence, 5) county of residence, and 6)
plurality. First, the infant birth and maternal delivery hospital discharge records were linked
together to establish a maternal-infant dyad (stage 1). This strategic step adds maternal DOB, a
critical variable to the data linkage process, to the infant’s birth hospitalization record. When
maternal DOB is combined with the infant’s DOB and facility of birth, the result is a group of
identifiers that are effective in data linkage, even when SSNs are unavailable. Once the dyads
have been created within the hospital discharge data, they are then linked to infant birth
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Figure 3.1. Overarching approach to linking infant birth certificate records to infant and maternal hospital discharge records
This diagram presents an approach to linking the 1998 birth cohort as an example of the process. This approach would have been
applied to each annual birth cohort from 1998 through 2009 (97).
HIP = hospital inpatient database; AMB = ambulatory database; ED = emergency department database; VS = vital statistics; FL =
Florida, Inf = Infant
Solid line = path of processed or linked records; Dotted line = path of unlinked records
Yellow = dataset including only hospital discharge records; Pink = dataset including only birth vital records; Green = dataset including
linked records
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certificate records (stage 2). Since missing or inaccurate identifiers prevented a small proportion
of infant birth hospitalization records from being linked to maternal delivery discharge records,
an effort is made to link infant birth hospitalizations directly to birth certificate records (stage 3a).
Successful linkage in stage 3a adds maternal information to the infant’s birth discharge record,
and a final attempt can be made to link back to the maternal delivery discharge record. In stage
4, the combined valid links from stages 2 and 3 form the “base” dataset consisting almost
exclusively of birth certificate records linked to infant birth and maternal delivery hospitalization
records. The final stage (5) connects these “base” records to hospital inpatient, ambulatory, and
emergency department records throughout the entire study period, creating a longitudinal
database.

Stepwise Deterministic Strategy
Using a customized SAS programming macro, the overarching stages described above
were carried out by using a stepwise deterministic data linkage strategy (97, 112). Using the
variables common between the datasets, a hierarchical series of linking steps are developed.
Each step consists of a group of variables upon which records will be linked (e.g., maternal
SSN, maternal DOB, infant DOB, and facility of birth), and linked records are removed from the
pool of records that will progress to the next step. The strategy is hierarchical because each
subsequent step relaxes either the number of variables or the exactness of the link, so that
steps occur from highest confidence (in a true positive link) to lowest confidence. An important
aspect of the linkage, despite being deterministic, is the incorporation of partial and crossover
agreement into the strategy (97). The algorithm considers potential data entry errors with SSNs
(single-digit typos and transpositions) and DOBs (1-2 days difference, typos, switching of month
and day). It also captures instances in which a crossover occurs – for example, when the
paternal SSN is recorded as the maternal SSN (or any other infant-mother-father combinations).
Although steps that incorporate these “fuzzy” linking strategies maximize the number of records
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linked by the algorithm, they must be accompanied by other variables that minimize the
potential for false positive links.
Once a complete series of linking steps has been completed, the final set of matched
records is compiled and an automated series of post-linkage processing steps are implemented
to investigate and remove links with an unacceptable likelihood of being a false-positive.

Evaluation of the Linked Database
Of the 2,549,738 birth certificates for Florida-resident live births from 1998-2009,
2,328,897 (91.3%) were linked to both an infant birth and a maternal delivery hospital discharge
record. Nearly 1.6 million different women were included in the linked dataset, with most linking
to one (64.3%) or two (27.1%) live-born children during the study period. Birth records without a
valid infant, maternal, or paternal SSN (formerly excluded from linkage protocols) comprised 7%
of the records in the linked database. During the longitudinal phase of the linkage process, the
“base” records were linked to over 2.3 million post-birth infant discharge records, with the
following breakdown: 54.6% emergency department, 26.0% inpatient, and 19.4% ambulatory.
There were also over 8.5 million prenatal and postnatal hospital discharges linked among the
mothers of those infants, with a similar breakdown by type of care setting (50.9% emergency,
26.9% inpatient, and 22.2% ambulatory).
Linked and unlinked records were compared to determine maternal and infant
characteristics associated with unsuccessful linkage. The highest odds of failure to link were
observed in infants who died on the same day as birth, most likely due to an inpatient birth
hospitalization record not ever being recorded (97). Infants born to foreign-born mothers, who
self-identified as Hispanic, who had less than a 9th grade education, and whose principal source
of payment was “self-pay” were also more likely to be missed and are, therefore,
underrepresented in the database. US-born Hispanics, regardless of ethnic subtype (e.g.,
Mexican, Puerto Rican, Cuban) experienced relatively low rates of failure to link (<4%).
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However foreign-born Hispanics experienced extremely high unlinked rates, particularly those
born in Mexico (30.4%) or Central/South America (17.1%). The birth certificate and hospital
discharge records for these moms and infants had higher rates of missing, nonsensical (e.g.,
555-555-551), or erroneous SSN information, which significantly reduced the likelihood of a
record match (97). Having such a complete evaluation of linked and unlinked records in the
database was essential in assessing potential biases this study.

Definition of Key Study Variables
Primary Independent (Exposure) Variable
The primary exposure in this study is EED, elective delivery that occurs during the 37th or
38th completed week of gestation. To define this exposure, information was needed to
determine both the timing of the delivery and the reason for delivery initiation. Two measures of
gestational age were available on the birth certificate to assess the timing of each delivery – the
clinical estimate of gestation (CE) and one that could be calculated from the mother’s selfreported date last of menstrual period (LMP). Both are susceptible to misclassification. Several
factors can lead to inaccuracies in measurement of gestational age using the LMP-based
estimate, including maternal recall, irregular and variable menstrual cycles, and non-menstrual
bleeding in early pregnancy (52, 113). The CE reported on the birth certificate can be based on
a variety of assessments, including ultrasonography, clinical examination (e.g., fundal height,
fetal heart tones), and neonatal assessment, and the specific methodology will vary across
medical practitioners and health care facilities (52, 114). The neonatal assessment can be a
biased assignment of gestational age based on infant birth weight or physical/functional maturity
outside the womb and should not be considered; however, it is used frequently to generate the
CE, particularly for specific socio-demographic subgroups with infrequent or late entry into
prenatal care (51, 52, 115, 116). Unfortunately, the birth certificate does not record the method
by which the CE was determined. It has been suggested that when using birth certificate data to
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estimate gestational age, errors in the LMP-based estimate, relative to the CE, are more
random, less systematic, and thus “more appropriate for use in population-based data analysis”
(52).
In this study, each infant’s gestational age was calculated in weeks by subtracting the
LMP date from the infant’s date of birth. A modified version of the data editing and imputation
methodology employed by the NCHS in their routine processing of national birth certificate data
were used to calculate each infant’s final gestational age (117). Briefly, for records with nonmissing and valid month, day, and year of LMP, the infant’s gestational age was calculated in
weeks. The gestational ages were then compared to each infant’s birth weight and those
deemed biologically implausible (too early or late) given the infant’s birth weight, based on
national references for fetal growth (118), were excluded. For records in which a valid month
and year of LMP were reported, but in which the day was missing, the gestational age in weeks
was assigned based on a hot-deck imputation algorithm that selected the gestational age from a
previous birth record with complete LMP data that passed consistency checks, and that had the
same year of birth, race/ethnicity, 500-gram birth weight category, and computed month of
gestation (51, 117). It is important to note that, although there are differences in gestational age
distributions according to the measure that is used to assign gestational age (LMP vs. CE), the
agreement between these measures has been demonstrated to be highest (suggesting
increased confidence in the estimate) among infants born at 37-42 weeks’ gestation (49-51),
which constituted the overwhelming majority of infants (~97%) included in this study.
The reason for the delivery initiation was determined based on information collected on
the birth certificate and in maternal hospital discharge records. Since this study focuses on
deliveries that either were or could have been electively delivered prior to 39 weeks, the first
step was to exclude from the study any infant born to a woman with an established medical
condition existing prior to labor and delivery that could have justified elective delivery prior to 39
weeks. These conditions were adapted from The Joint Commission’s “Conditions Possibly
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Justifying Elective Delivery Prior to 39 Weeks Gestation” list, which is used in assessing
national quality core measures for perinatal care (59). The list of conditions and their operational
definitions are provided in Table 3.1. All other infants were then placed into one of three
categories describing the reason for their delivery initiation: spontaneous, elective, or indicated
(Figure 3.2).
Briefly, all spontaneous vaginal and cesarean deliveries following a non-induced trial of
labor were classified as “spontaneous”. All inductions and planned cesarean deliveries were first
classified as “elective”. If a medical complication occurred immediately before the labor/delivery
process (Table 3.2), the delivery would be classified as “indicated”. Deliveries in the “indicated”
group were not excluded from the analysis because their condition would not have been known
until immediately before labor/delivery began; thus, they were still at risk for an elective early
term delivery and were included as one of the exposure groups (60).
The primary exposure variable used in the analysis consisted of five levels: 1) early
electively induced delivery at 37-38 weeks (EED-I), 2) early elective cesarean delivery at 37-38
weeks (EED-CS), 3) early spontaneous delivery at 37-38 weeks (ESD), 4) early medicallyindicated delivery at 37-38 weeks (EID), and 5) delivery at ≥39 weeks, or full term delivery
(FTD).

Primary Dependent (Outcome) Variables
Specific aim 1. The outcomes below were used to investigate the association between
elective early term delivery and fetal complications manifested at birth.
Respiratory distress syndrome. A diagnosis of RDS was identified by either an ICD-9CM diagnosis code of 769 documented on the infant’s birth hospitalization record, or a positive
indication of “hyaline membrane disease/RDS” on the birth certificate. The outcome measure of
interest was a dichotomous present/absent variable whose prevalence rate was expressed as
the number of infants with RDS per 1,000 live births.
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Table 3.1. Operational definitions for established conditions present prior to labor/delivery that would justify elective delivery prior to
39 weeks
Condition
HIV
Placenta previa

Data Source
ICD9
BC
x
x
x
x
x
x
x
x
x
x
x
x
x
x**
x

x
x

x

ICD-9-CM Diagnosis Codes*
042, V08
641.0x, 641.1x
642.0x, 642.1x, 642.2x, 642.7x,
642.9x
642.3x
642.4x, 642.5x
642.6x
645.1x
646.2x
646.7x
648.0x
648.5x
648.6x
648.8x
649.3x
651x, 652.6x

Unstable lie of fetus

x

x

652.0x

Central nervous system malformation in fetus

x

x

655.0x

Chromosomal malformation in fetus
Suspected damage to fetus

x
x

x

655.1x
655.3x, 655.4x, 655.5x, 655.6x

Existing hypertension complicating pregnancy
Gestational hypertension
Pre-eclampsia
Eclampsia
Postterm pregnancy
Renal disease in pregnancy
Liver and biliary tract disorders in pregnancy
Existing diabetes complicating pregnancy
Congential cardiovascular disorders complicating pregnancy
Other cardiovascular disorders complicating pregnancy
Gestational diabetes
Coagulation defects complicating pregnancy
Multiple gestation

x
x

x

x

Other known/suspected fetal abnormality
x
655.8x
Isoimmunization
x
656.1x
Fetal demise/stillborn
x
656.4x, V27.1
Poor fetal growth
x
656.5x
Preg with poor obstetric history
x
x
V23.5
*An “x” at the end of a diagnosis code indicates that all valid codes with the listed code prefix will be included
**The ICD-9-CM codes for coagulation defects were new codes added on October 1, 2006
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Birth Certificate Indicators

MR_HYPERT_CHRONIC = “Y”
MR_HYPERT_PREG = “Y”
MR_HYPERT_ECLAMPSIA = “Y”
Calculated gestational age > 42 weeks

MR_DIAB = “Y”

MR_DIAB_GEST = “Y”
PLURALITY_CODE ^= "01"
CHAR_NON_VERTEX = "Y" or
BIRPRESENT_CODE = "3"
ANOM_ANENCEP = "Y" or
ANOM_SPINA = "Y"
ANOM_DOWNS = "Y" or
ANOM_CHROM = "Y"
ANOM_HEART = "Y" or
ANOM_DIAPH_HERNIA = "Y" or
ANOM_OMPHAL = "Y" or
ANOM_GASTRO = "Y" or
ANOM_CLEFT_PALATE = "Y"

MR_PREV_POOR_OUTCOME = "Y"

Figure 3.2. Scheme for classifying infant live births based on the reason for delivery initiation
This diagram presents the approach used to determine the reason that a delivery was initiated, based on information contained in
maternal discharge records or the birth certificate.
Inductions were defined by either a 73.01, 73.1, or 73.4 procedure code on the delivery record or an affirmative response to the
“Induction of Labor” field on the birth certificate. Cesarean route of delivery was defined by either a 74.0, 74.1, 74.2, 74.4, or 74.99
procedure code on the delivery record or if the “Final Route of Delivery” field on the birth certificate indicated a cesarean delivery. A
trial of labor was determined using a field captured on the birth certificate record, asking whether, for a cesarean section, a trial of
labor was attempted.
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Table 3.2. Operational definitions for conditions present immediately before delivery that would justify elective delivery prior to 39
weeks
Data Source
Condition
ICD9
BC
ICD-9-CM Diagnosis Codesa
Placental abruption
x
641.2x
Other antepartum hemorrhage
x
641.3x, 641.8x, 641.9x
Fetal-maternal hemorrhage
x
656.0x
Fetal distress
x
x
656.3x
Polyhydramnios/oligohydramnios
x
657.0x
Premature rupture of membranes
x
x
658.1x
Prolonged labor/delayed delivery
x
x
658.2x
Infection of the amniotic cavity
x
658.4x
Abnormal fetal heart rate
x
659.7x
Vasa previa
x
663.5x
aAn “x” at the end of a diagnosis code indicates that all valid codes with the listed code prefix will be included
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Birth Certificate Indicators

CHAR_FETAL_INTOLERANCE = "Y"
CLD_PREMATURE_ROM = “Y”
CLD_PROLONG_LABOR = “Y”

Transient tachypnea of the newborn. A diagnosis of TTN was identified by an ICD-9-CM
diagnosis code of 770.6 documented on the infant’s birth hospitalization record. There is not a
data element on the infant birth certificate that captures this condition. The outcome measure of
interest was a dichotomous present/absent variable whose prevalence rate was expressed as
the number of infants with TTN per 100 live births.
Other adverse respiratory complications. A diagnosis of other respiratory complications
was identified by presence of any of the following ICD-9-CM diagnosis codes documented on
the infant’s birth hospitalization record: 770.0 (congenital pneumonia), 770.10-17 (fetal and
newborn aspiration), 770.2 (interstitial emphysema and related conditions), 770.3 (pulmonary
hemorrhage), 770.4 (primary atelectasis), 770.5 (other/unspecified atelectasis), 770.7 (chronic
respiratory disease), 770.81-82 (primary or other apnea), 770.83 (cyanotic attacks), 770.84
(respiratory failure), 770.85-86 (aspiration of postnatal stomach contents), 770.87 (respiratory
arrest), 770.88 (hypoxemia), 770.89 (other respiratory problems after birth), and 779.0
(unspecified respiratory condition of the fetus and newborn) . Infants with either RDS or TTN
were excluded from this group. There is not a data element on the infant birth certificate that
captures these conditions. The outcome measure of interest was a dichotomous present/absent
variable whose prevalence rate was expressed as the number of infants with other adverse
respiratory complications per 100 live births.
Ventilation support. Whether an infant required ventilation support was determined by
either an ICD-9-CM procedure code of 93.90 (non-invasive mechanical ventilation), 93.91
(intermittent positive pressure breathing), 93.93 (non-mechanical methods of resuscitation),
93.94 (respiratory medication administered by nebulizer), 93.95 (hyperbaric oxygenation), 93.96
(other oxygen enrichment), 93.97 (decompression chamber), 93.98 (other control of
atmospheric pressure and composition), 93.99 (other respiratory procedures), or 96.70-72
(continuous invasive mechanical ventilation) documented on the infant’s birth hospitalization
record, and/or a positive response on the infant’s birth certificate for any of the following three
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data elements: “assisted ventilation required immediately following delivery”, “assisted
ventilation required ≥30 minutes”, or “assisted ventilation required ≥6 hours”. The outcome
measure of interest was a dichotomous present/absent variable whose prevalence rate was
expressed as the number of infants receiving assisted ventilation per 100 live births.
Any respiratory morbidity. A diagnosis of any respiratory morbidity will be determined by
creating a composite variable reflecting any one of the above-mentioned respiratory morbidities:
RDS, TTN, another adverse respiratory outcome, or the need for ventilation support. The
outcome measure of interest was a dichotomous present/absent variable whose prevalence rate
will be expressed as the number of infants with any respiratory morbidity per 100 live births.
Neonatal sepsis. A diagnosis of septicemia/sepsis was identified by either an ICD-9-CM
diagnosis code of 038 (septicemia), 771.81 (neonatal septicemia [sepsis]), 785.52 (septic
shock), 995.91 (sepsis), or 995.92 (severe sepsis) documented on the infant’s birth
hospitalization record, or a positive indication of “antibiotics received by the newborn for
suspected neonatal sepsis” on the birth certificate. The outcome measure of interest was a
dichotomous present/absent variable whose prevalence rate was expressed as the number of
infants with neonatal sepsis per 100 live births.
Feeding difficulties. A diagnosis of feeding problems/difficulty in the newborn period was
identified by either an ICD-9-CM diagnosis code of 779.31-34 (disorders of stomach function
and feeding problems) or 783.3 (feeding difficulties and mismanagement), or an ICD-9-CM
procedure code of 99.15 (parenteral infusion of concentrated nutritional substances)
documented on the infant’s birth hospitalization record. There is not a data element on the infant
birth certificate that captures these conditions. The outcome measure of interest was a
dichotomous present/absent variable whose prevalence rate was expressed as the number of
infants with feeding difficulties per 100 live births.
Admission to the NICU. Whether an infant was admitted to the NICU was determined by
a positive response on the infant’s birth certificate as to whether a NICU admission occurred
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and/or by department-level hospital financial charges for intensive care or the level-3 nursery in
the hospital record. The outcome measure of interest was a dichotomous present/absent
variable whose prevalence rate was expressed as the number of infants admitted to the NICU
per 100 live births.
Length of stay during the birth hospitalization. The length of stay (LOS) during the birth
hospitalization was calculated as the number of days between the infant’s date of admission
(equal to the DOB) and the date of discharge. For this study, infants who were transferred after
birth to a different hospital were considered to have one continuous episode of hospital care
(119). Thus, multiple records were merged into one hospitalization if either a subsequent
admission occurred on the same day as the previous hospitalization, or if a subsequent
admission occurred on the day after the previous hospitalization, and both records had transfer
codes (120). This prevented underestimation of the LOS or under-diagnosis of clinical
morbidities for sick infants who were transferred immediately after birth for acute care.
Specific aim 2. The outcomes below were used to determine the association between
elective early term delivery and infant morbidity after hospital discharge.
Frequency and duration of post-discharge hospital encounters. Several indicators of
health care utilization for infants in their first year of life were calculated. First, the total number
of post-discharge (from the infant’s birth admission) hospitalizations that constitute a distinct
episode of hospital care (see preceding section), and in which the date of admission occurred
less than 365 days after the infant’s DOB were calculated. Among those post-discharge
hospitalizations, the combined number of days spent in the hospital were also calculated. Same
day hospitalizations with a calculated LOS of 0 days were assigned a LOS of 1 day since same
day inpatient hospitalizations constitute a distinct stay and are also billed as 1 day for room and
board (121).
Using the calculated number and duration of post-discharge hospitalizations, the primary
outcome measures of interest will be: 1) the risk of a post-discharge hospitalization in the first
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year of life (calculated as the number of infants with ≥1 post-discharge hospitalization per 100
live births); 2) the mean number of post-discharge hospitalizations; and 3) the mean number of
days spent in the hospital during post-discharge hospitalizations occurring during the first year
of life.
Specific aim 3. The outcomes below were used to examine the impact of elective early
term delivery on infant survival.
Infant mortality. Infant deaths were ascertained using information on both infant death
certificates and hospital discharge data. An infant death was considered to have occurred if the
infant either had 1) a linked death certificate in which the documented date of death was less
than 365 days after the infant’s DOB, or 2) a linked hospital discharge record with a patient
disposition documented as “expired” and in which the documented date of discharge (date of
death) was less than 365 days after the infant’s DOB. Survival time was calculated as the
number of days from DOB to date of death for infants who died during the first year of life, and
as 365 for infants who survived the entire first year of life.
Three outcome measures of interest were calculated: 1) the risk of neonatal death
(death at 0-27 days), calculated as the number neonatal deaths per 1,000 live births; 2) the risk
of post-neonatal death (death at 28-364 days), calculated as the number post-neonatal deaths
per 1,000 live births; and 3) survival time in days.

Potential Confounders
The identification of maternal, infant, and hospital characteristics to consider as potential
confounders were based primarily on three factors: 1) a review of the literature, 2) an
assessment of biologically plausible effects on the exposure-outcome associations, and 3)
whether the characteristic was captured in the linked database (Table 3.3).
Maternal characteristics. The birth certificate record served as the source of most of
the maternal socio-demographic characteristics that were considered in this study. Tobacco use
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during pregnancy was identified using a combination of hospital discharge and birth certificate
data. The study database was also linked to census data in an effort to ascertain an important
indicator of socioeconomic status: maternal zip-code area per-capita income.
Age at delivery. Maternal age at delivery was calculated in years using the infant and
maternal DOB listed on the birth certificate: (infant DOB – maternal DOB). In addition to being
considered as a continuous variable, maternal age was also grouped into the following
categories: <20 years, 20-34 years, and ≥35 years.
Race/ethnicity. Maternal race/ethnicity was based on self-reported race and ethnicity
fields captured on the birth certificate. Race is initially captured as a series of dichotomous fields
representing the following 15 race groups: White, Black or African American, American Indian or
Alaskan Native, Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, Other Asian,
Native Hawaiian, Guamanian or Chamorro, Samoan, Other Pacific Islander, or Other Race.
More than one field may be selected. The Bureau of VS and the Office of Health Statistics and
Assessment then calculate a final race field using a specified algorithm (Appendix A). The
algorithm scans the dichotomous indicators and the literal free-text entry fields (if Other Race is
selected) and classifies women as either one of the above-listed groups, multiple races, or
unknown race. Ethnicity is also initially captured as a series of dichotomous fields representing
six Hispanic or Haitian ethnic groups: Mexican, Puerto Rican, Cuban, Central/South American,
Other Hispanic, or Haitian. The Bureau of VS and the Office of Health Statistics and
Assessment then calculate a final ethnicity variable including the above-mentioned groups as
well as non-Hispanic and unknown (Appendix B). The final race/ethnicity variable used in this
study was based on these two calculated race and ethnicity fields. Women were first grouped by
ethnicity (Hispanic or NH) with the NH group further subdivided by race into White, Black, and
Other (four groups total).
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Nativity. Maternal nativity was based on the state, territory, or foreign country
documented on the birth certificate and will be dichotomized as US-born or foreign-born (which
will include anyone born outside the 50 US states).
Marital status. Marital status of the mother at the time of delivery was based on selfreport on the birth certificate and was classified as either married or unmarried. Women who
were never married, divorced, or widowed constituted the unmarried group.
Adequacy of prenatal care. The birth certificate captures information on the date of a
woman’s first prenatal care visit and the number of prenatal care visits she received. A revised
graduated index algorithm of prenatal care utilization (122) that uses an infant’s gestational age,
the trimester that prenatal care began, and the number of prenatal visits was used to classify a
woman’s adequacy of prenatal care as adequate/intensive, intermediate, or inadequate/no
prenatal care.
Reproductive history: parity and prior cesarean section. Parity reflects the number of
times a woman has given birth to a live born child, and was calculated from two fields captured
on the birth certificate: parity = number of live births now living + number of live births now dead
(not including the current pregnancy). A prior cesarean section was identified by either an ICD9-CM code of 654.20, 654.21, or 654.23 documented on the mother’s delivery hospitalization
record, or a positive indication of a previous cesarean on the birth certificate. Reproductive
history was then classified as nulliparous, multiparous without a prior cesarean section, and
multiparous with a prior cesarean section.
Educational attainment. Maternal education is captured on the birth certificate as the
self-reported highest degree or level of school completed at the time of delivery. Education was
categorized as less than high school, high school diploma or GED, and more than high school.
Type of health insurance. The type of health insurance possessed by the mother was
estimated by the principal source of payment for the delivery documented on the birth
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certificate. The type of insurance was then classified into four groups: government (Medicaid),
private, self-pay, and other.
Income. There is no individual or household income information in the linked database.
Thus, using the maternal zip code of residence reported on the birth certificate, the study
database was linked to per-capita income data from the US Census Bureau, 2010 American
Community Survey (https://www.census.gov/acs/www/). Per-capita income levels were then
classified into three levels: <$25,000, $25,000-$29,999, ≥$30,000.
Pre-pregnancy body mass index. Maternal pre-pregnancy body mass index (BMI) was
calculated from the height and pre-pregnancy weight variables reported on the birth certificate,
using the following formula: (weight in pounds)/(height in inches2) x 703. The National Heart,
Lung, and Blood Institute’s categories (123) were used to classify women as underweight
(<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), obese-I (30.0–
34.9 kg/m2), obese-II (35.0–39.9 kg/m2), and obese-III (≥40.0 kg/m2). For all analyses, the
obese-II and obese-III categories were combined.
Tobacco use during pregnancy. Indicators of maternal tobacco use during pregnancy
were assessed using information from both the birth certificate and the maternal delivery
discharge record. The birth certificate asks whether tobacco was used during pregnancy. Any
affirmative response (“yes” or “yes, but quit”) placed women in the “positive for smoking during
pregnancy” category. In addition, women were defined as positive for tobacco use if they were
diagnosed with any one of the following diagnosis codes: 305.1 (tobacco use disorder); 649.0
(tobacco use disorder complicating pregnancy, childbirth, or the puerperium); 989.84 (toxic
effect of tobacco) in the hospital record (124, 125). All other women were classified as negative
for tobacco use during pregnancy. Information on the frequency/dose of tobacco use during
pregnancy was not available.
Infant characteristics. The birth certificate record was used as the source of infant
characteristics that were considered as covariates in this study.
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Sex. Infant sex was classified as male, female, or unknown/ambiguous, as documented
on the birth certificate.
Year of birth. The infant’s year of birth was calculated from the infant’s DOB, as
documented on the birth certificate.
Hospital characteristics. The birth certificate record, along with supplemental data from
the Bureau of VS, were the only sources of hospital characteristics considered as covariates in
this study.
Hospital obstetrical volume. Hospital obstetrical volume was calculated based on the
number of live births occurring in each facility in a given year and will be categorized as 100499, 500–999, 1000–1999, and ≥2,000 annual births. Infants born in hospitals with fewer than
100 live births in a given year were excluded from the study.
Perinatal care level. The prenatal care level for each facility was obtained from
government records and defined based on AHCA’s licensure of each facility. Categories
included “level 3” (licensed level 3 acute care NICU beds are present), “level 2” (no licensed
level 3 acute care NICU beds are present, but licensed level 2 progressive care NICU beds are
present), and “level 0/1” (no licensed level 3 acute care or level 2 progressive care NICU beds
are present).
Percentage of births to midwives. In each hospital, the percentage of live births delivered
by nurse-midwives or licensed midwives was calculated using the attendant’s title as
documented on the birth certificate. The titles “C.N.M.” (Certified Nurse Midwife) and “L.M.”
(Licensed Midwife) were grouped into the midwife category. All other entries, including “M.D.”
(Medical Doctor), “D.O” (Doctor of Osteopathic Medicine), and “other” were classified as nonmidwives. Then, for each hospital, the percentage of births to midwives was calculated as
(number of live births to midwives / total live births) x 100, and classified into three groups:
<20%, 20-29%, and ≥30%.
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Potential Effect Modifiers
Maternal socio-demographic and perinatal characteristics, and hospital/practitioner
protocols regarding the timing and reason for delivery initiation differ greatly depending on a
woman’s reproductive history. Furthermore, several studies have proposed that a high parity
and/or a previous cesarean section may increase placental dysfunction (126-129) and impact
fetal programming and the risk of neonatal death in subsequent pregnancies (130). Many
studies investigating the impact of EED on neonatal outcomes have restricted their analyses on
the basis of prior cesarean status (16, 82, 131, 132). It is biologically plausible that the effect of
EED on neonatal outcomes may be modified by factors like parity and prior cesarean status,
which can affect normal placental functioning or fetal growth trajectory. Thus, during
multivariable modeling, formal tests for effect measure modification by reproductive history were
performed, and measures of association were reported for the entire study population, and
separately for each group (nulliparous, multiparous without a prior cesarean, multiparous with a
prior cesarean).

Statistical Analysis Plan
The overarching analytic goal of this study was to better understand the association
between EED and subsequent infant morbidity, mortality, and health care utilization. The
statistical analysis plan was guided by the specific aims and associated research questions
listed in the Introduction section.

Exploratory Analyses and Missing Data
Prior to any formal statistical analyses, exploratory descriptive analyses were used to
investigate the extent and pattern of missingness for all study variables. For categorical
variables, recorded values were compared to vital records and hospital discharge coding
manuals to identify data entry errors. Frequencies and percentages were generated for each
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Table 3.3. List of primary variables used in the study
Type for
#
Variable
Role
Analysis
Levels
Timing/reason for delivery
Exposure Categorical
5
Respiratory distress syndrome
Outcome Categorical
2
Transient tachypnea of the newborn
Outcome Categorical
2
Other adverse respiratory complications
Outcome Categorical
2
Ventilation support
Outcome Categorical
2
Any respiratory morbidity
Outcome Categorical
2
Neonatal sepsis
Outcome Categorical
2
Feeding difficulties
Outcome Categorical
2
Admission to the NICU
Outcome Categorical
2
Length of stay during the birth hospitalization
Outcome
Numeric
-Post-discharge hospitalization
Outcome Categorical
2
Frequency of post-discharge hospitalizations
Outcome
Numeric
-Duration of post-discharge hospitalizations
Outcome
Numeric
-Neonatal mortality
Outcome Categorical
2
Post-neonatal mortality
Outcome Categorical
2
Infant survival
Outcome
Numeric
-Maternal age at delivery
Covariate Categorical
3
Maternal race/ethnicity
Covariate Categorical
4
Maternal nativity
Covariate Categorical
2
Marital status
Covariate Categorical
2
Adequacy of prenatal care
Covariate Categorical
3
Reproductive history (parity, prior cesarean)
Covariate Categorical
3
Maternal education
Covariate Categorical
3
Principal source of payment for the delivery
Covariate Categorical
4
Income
Covariate Categorical
3
Maternal pre-pregnancy body mass index
Covariate Categorical
5
Maternal tobacco use during pregnancy
Covariate Categorical
2
Infant sex
Covariate Categorical
2
Infant year of birth
Covariate Categorical
5
Hospital obstetrical volume
Covariate Categorical
4
Hospital perinatal care level
Covariate Categorical
3
Percentage of births to midwives
Covariate Categorical
3
BC = birth certificate; DC = infant death certificate; HD = hospital discharge record

BC
x
x

Source
DC HD
x
x
x
x

x
x
x

x
x
x

x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x

x

annual birth cohort and compared over time to determine expected or undocumented changes
in variable definitions or coding practices. Annual ICD-9-CM Addenda, Conversion Table, and
Guidelines documents were reviewed and compared to code frequencies in the data to
determine new, deleted, or otherwise modified codes that could have impacted the study.
Measures of central tendency, variability, minimums, and maximums were calculated and
reviewed to determine unexpected values that were indicative of undocumented missing codes
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(e.g., “98” might be used as a missing indicator for maternal age, even though “99” is listed in
the manual).
A high frequency of missing data can seriously impact the internal and external validity
of any study, as those with complete data may be systematically different from those with
missing data on factors related to the exposure-outcome relationship(s) of interest or covariates
important in understanding or explaining the association. A consensus has yet to be reached
regarding what constitutes an excessive level of missingness; however, any variable with more
than 20% missingness may be excluded from the study since assumptions about the missing
mechanism may not hold and any imputed values would account for too much of the analyzed
data (133). An arguably more critical concern than the amount of missing data is the distribution
of missing data values relative to exposure and outcome, which has implications for study
validity (134). Most analytic procedures to handle missing data rely on assumptions that
missingness follows a particular pattern. Thus, characteristics of those infants missing and not
missing data were compared to identify the distribution of missingness (missing completely at
random, missing at random, or missing not at random). Although various strategies were
considered as possible post-hoc solutions, the level of missingness of most study variables was
less than 0.5%. Only pre-pregnancy BMI had a non-trivial level of missingness (5.4%).
Missingness was more likely to occur among infants whose mothers received little or no access
to prenatal care. During analysis, a missing level was created for pre-pregnancy BMI and
included in the model. The measures of association using this method and those based on a
complete case analysis were nearly identical.

Analysis of Correlated Data
An important assumption of most linear or generalized linear models (logistic, Poisson
regression) is that the data from each person in the study are independent. In this study, this
assumption, that data from each infant are independent from other infants, was not reasonable.
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Of particular importance in this study was correlation among infants born at the same facility. It
has been reported that hospital characteristics, such as level of perinatal care or obstetrical
volume, may be associated with the risk of early term delivery (21), as well as the risk for
adverse infant birth outcomes (81, 135, 136). Thus, there is correlation among the data at the
hospital level that must be taken into account. The primary consequence of analyzing such
correlated data as though they were independent is underestimation of standard errors, leading
to an increased probability of finding a spurious association between exposure and outcome
(type I error) (137). Thus, all modeling procedures used in this study accounted for clustering at
the level of the hospital of birth.
For binary outcomes (e.g., RDS, admission to the NICU, neonatal death), generalized
linear mixed models (GLMM) with an assumed underlying binary response distribution and a
logit link were used to estimate odds ratios (OR) and 95% confidence intervals (CI) between the
primary study exposure and each outcome. The GLIMMIX procedure in SAS fits GLMMs by
likelihood-based techniques, permitting incorporation of random effects in the model to account
for the clustered nature of the data. Since this study did not seek to evaluate variance
components, nor provide facility-specific parameter estimates for the over 125 hospitals in the
study, primary attention was paid to the solutions for fixed effects regression coefficients
[ln(OR)]. Correlated count data (e.g., mean number post-discharge hospital encounters in the
first year of life, or total LOS) were also analyzed by using the GLIMMIX procedure to fit a
GLMM to estimate the mean difference and 95% CIs in the outcome across exposure levels,
after adjusting for potential confounding factors. A variety of fit statistics (e.g., AIC, BIC) were
used to assess model fit, and for count data, to investigate and compare alternative distributions
(e.g., Poisson, gamma, negative binomial) most appropriate for the study data. Once an optimal
distribution was selected, the overall fit of each model was assessed using various fit statistics
(e.g., Pearson chi-square).
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Clustered survival time data were analyzed using a marginal proportional hazards (Cox)
model approach (138, 139), which estimated hazard ratios (HR) and 95% CIs. SAS’s PHREG
procedure has an option “covs(aggregate)” that may be specified to compute the marginal
model with a “sandwich” covariance matrix to account for the intracluster dependence of the
data. The proportional hazards assumption was tested graphically using ln(-ln(survival)) plots
(with violation detected by non-parallel or crossing lines) and by including an interaction term
between exposure and time in the model and determining if the estimated HR was dependent
on time. Models were compared using likelihood ratio tests and model fit was assessed by
examining Martingale, deviance, and Schoenfeld residuals plots.

Specific Aim 1: To Investigate the Association between Elective Early Term
Delivery and Fetal Complications Manifested at Birth
Descriptive statistics including frequencies and percentages were used to describe the
distribution of the study exposure [elective induction at 37-38 weeks (EED-I), elective cesarean
delivery at 37-38 weeks (EED-CS), spontaneous delivery at 37-38 weeks (ESD), medicallyindicated delivery at 37-38 weeks (EID), and delivery at ≥39 weeks (FTD)] in the entire study
population, over time, and by infant, maternal, and hospital characteristics. Analysis of variance
or Kruskal-Wallis tests (continuous variables) and Wald chi-square tests of independence
(categorical variables) were used to test for differences. For all analyses, the reference group
was FTD, with the EED-I, EED-CS, ESD, and EID representing comparison groups that differed
from the reference group by timing (37-38 weeks vs. ≥39 weeks) and from each other by the
reason for delivery initiation (spontaneous, elective, indicated). The crude risks of each clinical
outcome (RDS, TTN, other adverse respiratory complications, ventilation support, any
respiratory morbidity, neonatal sepsis, feeding difficulties, and admission to the NICU) as well
as the mean LOS during the birth hospitalization were calculated and compared across
exposure levels.
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For each binary outcome, GLMMs with an assumed underlying binary response
distribution and a logit link were used to estimate odds ratios (OR) and 95% confidence intervals
(95% CI) between the primary study exposure and each outcome. GLMM was also used to
estimate the adjusted mean differences (and 95% CI) in the average LOS during the infant’s
birth hospitalization as well as the relative increase in LOS across the exposure groups.
To illustrate the model-building strategy, consider a binary outcome such as RDS. The
overarching strategy is the same for count and survival data. First, an unadjusted model was fit
to estimate the crude association between early elective delivery and the outcome.
pij
log [
] =β0 +β1 (EED_I)+β2 (EED_CS)+β3 (ESD)+β4 (EID)+μj
1-pij
where pij represents the probability of the ith infant born at the jth hospital of being
diagnosed with the outcome of interest, µj is the hospital-level random effect, and EED_I,
EED_CS, ESD, and EID are indicator variables representing each exposure group
relative to the FTD group.

Then, a model was fit that included all maternal and infant level characteristics identified a-priori:
pij
log [
] =unadjusted model+β5 (age<20)+β6 (age35+)+β7 (black)+β8 (Hispanic)+β9 (other race)
1-pij
+β10 (foreign-born)+β11 (unmarried)+β12 (intermediate PNC)+β13 (inadequate/no PNC)+β14
+β15 (no prior cesarean)+β16 (<high school)+β17 (>high school)+β18 (Medicaid)+β19 (self-pay)
+β20 (other payer)+β21 (<$20k)+β22 ($30k+)+β23 (underweight)+β24 (overweight)+β25 (obese I)
+β26 (obese II/III)+β27(tobacco)+β28 (male)+β29 (born 2005)+β30 (born 2006)+β31 (born 2007)
+β32 (born 2008)

Next, hospital-level factors were added to fit the “full model”:
pij
log [
] =individual model+β33 (100-499 births)+β34 (500-999 births)+β35 (1000-1999 births)
1-pij
+β36 (level 0/1)+β37 (level 2)+β38 (<20% midwives)+β39 (30%+ midwives)
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Lastly, a model was fit to determine if reproductive history modified the measure of association
between EED and the outcome. The model included an interaction term between the exposure
and reproductive history. Any statistically significant interaction term (p-value < 0.05) was
followed by a presentation of results separately for infants born to nulliparous women, infants
born to multiparous women without a prior cesarean, and infants born to multiparous women
with a prior cesarean section.

Specific Aim 2: To Determine the Association between Elective Early Term
Delivery and Infant Morbidity after Hospital Discharge
Three primary indicators of post-discharge infant morbidity and illness in the first year of
life were created: 1) the risk of a post-discharge hospitalization in the first year of life; 2) the
number of different post-discharge hospital encounters in the first year of life; and 3) the mean
number of days spent in the hospital during admissions occurring during the first year of life.
Prior to analysis, and after reviewing the ICD-9-CM codes associated with each hospitalization,
an algorithm was created in an attempt to exclude non-emergent well-child care visits [e.g.,
inpatient hospitalizations with a V20.2 ICD-9-CM code (24)]. For all analyses, the reference
group was FTD, with the EED-I, EED-CS, ESD, and EID representing comparison groups that
differed from the reference group by timing (37-38 weeks vs. ≥39 weeks) and from each other
by the reason for delivery initiation (spontaneous, elective, indicated). The crude risk of any
infant post-discharge hospitalization, and the mean and median number of encounters and
combined LOS during those encounters were calculated and compared across exposure levels,
and by infant, maternal, and hospital characteristics. Depending on the characteristics of the
outcome variable (binary vs. count), the development of crude and adjusted multivariable
models, including the assessment of effect measure modification, followed the same general
strategy as that described in the analytic plan for Aim 1.
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In addition to examining the risk, frequency, and duration of post-discharge
hospitalizations, comorbidities recorded during these visits were examined. ICD-9-CM diagnosis
codes were reviewed and grouped into related conditions to examine the most common reasons
for illness-related re-hospitalization in the first year of life. In addition to the frequency and
percentage of infants with each condition, the condition-specific morbidity rate was calculated as
the number of infants re-hospitalized for condition x divided by the total number of live births.
Crude rate ratios (RR) were calculated to compare the relative rate of each condition across
exposure groups. These analyses were performed two different ways, one considering only the
principal diagnosis code assigned to the infant during the hospitalization, and the other including
any and all diagnoses (up to 31) made during the hospitalization.

Specific Aim 3: To Examine the Impact of Elective Early Term Delivery on Infant
Survival
Again, for all analyses, the reference group was FTD, with the EED-I, EED-CS, ESD,
and EID representing comparison groups that differed from the reference group by timing (37-38
weeks vs. ≥39 weeks) and from each other by the reason for delivery initiation (spontaneous,
elective, indicated). The crude risks of neonatal and post-neonatal death were compared across
exposure levels. Kaplan-Meier (KM) survival curves were used to compare the shape of the
survival function for each exposure level, and the log-rank and Wilcoxon tests of equality across
strata were used to test for differences in crude survival. Using the same model-building
strategy as outlined for Aims 1 and 2, a multivariable marginal Cox model was used to estimate
HRs and 95% CIs representing the association between EED and infant survival. The
proportional hazards assumption was tested by including interaction terms between time and
each covariate into the model.
An examination of the underlying and contributing causes of death recorded on infant
death certificates across exposure levels was undertaken to provide insight as to the potential
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pathways by which EED impacts infant survival. ICD-10-CM codes were examined, and the
mortality rates of each of the most common causes were compared across exposure groups.
Crude cause-specific mortality RRs were calculated to compare the relative causes of death
among infants whose deliveries differed by timing or reason for delivery initiation.

Sensitivity Analyses
This study focuses on differences in morbidity, mortality, and health care utilization
among infants that differ in their gestational age at birth; therefore, accurate measurement of
gestational age is of paramount importance. The study relies on administrative data, and
although the LMP-based estimate is the only real measure of actual duration of gestational (52),
it is susceptible to biological variability (e.g., cycle length, implantation or other bleeding in early
pregnancy) and recall errors that reduce its reliability. Thus, a sensitivity analysis was performed
to assess the potential impact of gestational age misclassification. A subset of the study
population was identified in which the LMP-based estimate used in the study and the CE
reported on the birth certificate were both non-missing and in exact concordance in the
estimated week of gestation. Although not a definitive marker of accuracy, confidence in the
recorded gestational age was considerably higher in this sub-group than in infants in which the
two measures were discordant (50). Multivariable models for all three study aims were re-run in
this sub-population and measures of association were compared to those estimated using the
full study population.
Another important methodological strength of this study is the choice of a reference
group that appropriately reflects the clinical decision that must be made, which is between early
elective delivery and expectant management, in which the later delivery outcome remains
unknown (37, 38, 41). The reference group thus consists of all infants who had been at risk for
an early elective delivery and whose deliveries occurred at 39-44 weeks. However, a 2009
AHRQ systematic review (described in Chapter 1) suggested that once a pregnancy reaches
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41 weeks, elective induction of labor may be a preferred strategy that reduces the risk of
cesarean section and improves infant outcomes (22). It might be argued that late (41-week) and
postterm (42-44 weeks) pregnancies should be removed from the expectant management group
to avoid increasing the risk of poor outcomes in this group by including unnecessarily delayed
deliveries. Therefore, a sensitivity analysis was conducted, repeating all analyses using only
full-term deliveries occurring at 39-40 weeks as the reference group, and comparing measures
of association to those estimated using the original 39-44 week reference group.
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CHAPTER FOUR:
RESULTS

Determination of the Final Study Population
During the 5-year study period from 2005-2009, there were 1,142,621 birth certificate
records for infants born to Florida-resident women and who had no indication of being adopted.
Of those, 1,035,927 (90.7%) were linked to both an infant birth hospitalization and maternal
delivery hospitalization record and available in the study database. Multiple births (n=34,843),
infants born at home, born in a military hospital, or born in a hospital with fewer than 100 annual
births (n=1,590), preterm infants (n=105,925), and infants with missing or implausible data on
gestational age and birth weight (n=83,778) were excluded (Figure 1). Following The Joint
Commission’s recommendations (59), infants born to mothers <8 or >64 years of age (n=21),
and those in which the maternal LOS during her delivery hospitalization was >120 days (n=2)
were also excluded. Since hospital/practitioner protocols regarding the timing and reason for
delivery initiation differ greatly depending on a woman’s reproductive history, infants born to
women with contradictory information for parity and history of a previous cesarean delivery (e.g.,
a previous cesarean delivery documented for a woman with a parity of 0) were excluded
(n=5,701).
Among the remaining 804,067 singleton infants, those whose mothers had established
conditions present prior to labor/delivery that would justify elective delivery prior to 39 weeks
(n=178,411, 22.2%) were excluded since these infants were not ever at risk for EED. Taken
collectively, these conditions were more common among specific socio-demographic and
perinatal subgroups: women 35 years and older, US-born women, multiparous women, obese
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Figure 4.1. Flow diagram of exclusion criteria, derivation of the final study population, and classification into exposure groups
Yellow boxes describe the flow of infants remaining in the study population after each round of exclusions. Green boxes describe
infants in the final study population (after all exclusion) and their classification into exposure groups. Arrows and boxes with dotted
lines describe exclusions made during determination of the final study population.
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women, and women receiving adequate or intense prenatal care (Appendix C). The most
prevalent conditions were gestational hypertension (6.3%), gestational diabetes (6.1%), and
existing hypertension complicating pregnancy (2.7%). In addition to these conditions proposed
by The Joint Commission, infants born to mothers with documentation of drug or alcohol use
during pregnancy (n=7,419) were excluded because of the impact these conditions can have on
management of the pregnancy and the serious effects that excessive alcohol and drug use can
have on infant outcomes. Lastly, due to the rarity of the practice of elective induction among
women that had a history of a previous cesarean section, 1,987 infants were excluded if their
mother had a history of a previous cesarean delivery, but the infant was delivered after elective
induction. The final study population consisted of 616,250 singleton infants born alive in a nonmilitary birthing hospital at 37-44 weeks to women without an established indication for early
elective delivery (Figure 4.1).

Distribution of the Study Population by Exposure and Socio-demographic, Perinatal, and
Hospital Characteristics
The study population reflected the socio-demographic composition of all singleton
resident live births in Florida (Table 4.1a). The majority of births were to women who were 20-34
years of age (76.4%), US-born women (69.7%), women with more than a high-school education
(50.9%), and women who were married at the time of delivery. Approximately half of all infants
were born to NH-white mothers (47.2%), followed by Hispanics (27.8%), and NH-blacks
(19.9%). Forty-six percent of births were covered by private insurance; however, nearly the
same proportion were paid for by Medicaid (44.2%), and only 22.2% of mothers lived in a
geographic region in which the per-capita income was at least $30,000. Over 42% of the infants
in the study were born to nulliparous women, with 15.7% and 41.8% born to multiparous women
with and without a previous cesarean delivery, respectively. Several perinatal risk factors were
prevalent in the study population, with 14.3% of women receiving inadequate or no prenatal
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care, 7.7% of women reporting tobacco use during pregnancy, and nearly 41% of women who
reported their pre-pregnancy weight and height were overweight or obese when they became
pregnant. Infants were born in 129 different birthing hospitals, with the largest percentage of
infants born in hospitals with level 3 perinatal care in which acute care NICU beds are present
(40.3%). However, 28.2% of infants were born in a hospital without any level 3 acute care or
level 2 progressive care NICU beds.
Most infants (67.5%) were delivered at ≥39 weeks (FTD). Among the 200,548 infants
delivered at 37-38 weeks, 50% were delivered after spontaneous labor onset (ESD), 40%
through elective induction or cesarean section (EED), and 10% after development of late-onset
pregnancy complications immediately prior to labor/delivery (EID). Within the EED group,
elective cesareans (EED-CS) were more common than elective inductions (EED-I) (59.1% vs.
40.9%). Table 4.1b presents the distribution of the exposure within each level of each sociodemographic, perinatal, and hospital characteristic. Bivariate analyses showed that the highest
rates of EED-I were observed among infants born to multiparous women (8.3%), women with
adequate/intensive prenatal care (7.8%), NH-white women (6.2%), US-born women (5.9%),
women with private insurance (5.9%), and women 35 years of age and older (5.8%). Infants
born to women with a college education and higher per-capita income were also more likely to
be delivered by early elective induction than those with less education and lower income.
Hospitals with a low annual birth volume (100-499) had substantially higher rates of EED-I
(11.6%), and hospitals with the smallest percentage of births delivered by midwives had slightly
higher EED-I rates relative to other hospitals (5.5%). The overall rate of EED-I in the study
population declined each year during the study period, from 5.8% in 2005 to 4.9% in 2009.
Many of the same maternal and hospital characteristics associated with the highest rates
of EED-I also had high rates of EED-CS, including infants born to women 35 years of age and
older (13.4%), women with adequate/intensive prenatal care (10.7%), married women (9.0%),
and women with private insurance (8.9%), more than a high school education (8.6%), and
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≥$30,000 per-capita income (8.5%). Unlike EED-I, infants born to Hispanic women experienced
the highest rate of EED-CS (8.5% vs. 7.5% for NH-white), as did those born to foreign-born
compared to US-born women (8.4% vs. 7.4%). There was also a strong dose-response
relationship between pre-pregnancy BMI and the rate of EED-CS that was not observed for
EED-I. Over 11% of obese women with a BMI ≥35 had infants born following EED-CS, followed
by obese women with a BMI of 30-34.9 (9.5%), overweight women (8.6%), normal weight
women (6.7%), and underweight women (5.2%). History of a previous cesarean section was the
single most important factor leading to EED-CS, with nearly 38% of infants born to mothers with
a previous cesarean being delivered via elective cesarean prior to 39 weeks. Similar to the
EED-I rate, the EED-CS rate has declined since 2007, from 8.0% to 7.3% in 2009.
Infants born to multiparous women with no prior cesarean section (21.3%), NH-black
women (20.4%), underweight women (20.7%), and women less than 20 years of age (18.9%)
were most likely to be born following ESD, compared to other socio-demographic subgroups.
Conversely, infants born at 37-38 weeks following the development of medical conditions that
manifested themselves immediately before labor/delivery (EID) were more likely to be born to
women ≥35 years old, women with history of a prior cesarean Hispanic women, and women
with higher pre-pregnancy BMI (Table 4.1b).
As mentioned earlier, the overall rate of FTD in the study population was 67.5%, which
was relatively consistent across socio-demographic, perinatal, and hospital characteristics. Only
infants born to nulliparous women, women under 20 years of age, women with less than
adequate prenatal care, women without insurance, and those born in hospitals with more than
30% of deliveries by midwives had more than a 70% FTD rate. The lowest FTD rates were
observed among infants born to women with a prior cesarean (54.1%), women with
adequate/intensive prenatal care (57.0%), and NH-black women (62.0%).
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Reproductive history was the factor most strongly associated with early elective delivery.
Infants born to nulliparous women comprised over 46.1% of the FTD exposure group, but only
34.8% of EED-I and 15.2% of EED-CS (Figure 4.2). Similarly, 77.5% of the EED-CS group
consisted of infants born to women with a prior cesarean section, compared to 12.6% and 3.3%
in the FTD and ESD groups, respectively. Due to the extremely low rates (~0.4%) of EED-I
among women with a prior cesarean, those infants were excluded from the analysis.
Approximately 67% of the infants in this study were delivered vaginally; however, final
method of delivery was strongly associated with the timing and reason for delivery initiation
(Figure 4.3). Over 90% of EED-I or ESD infants were delivered vaginally, whereas 31.4% of
FTD infants, 65.2% of EID infants, and by definition, 100% of EED-CS infants were delivered via
cesarean section.

Specific Aim 1: The Association between Early Elective Delivery and Fetal Complications
Manifested at Birth
Descriptive Statistics and Bivariate Analyses
Among the 616,250 singleton, term infants included in the analytic sample, 56,687
(9.2%) experienced at least one of the birth outcomes investigated in the study. The composite
indicator of respiratory morbidity was the most prevalent outcome, with 1 in every 15 infants
(6.7%) being diagnosed with RDS, TTN, other adverse respiratory conditions (e.g., pneumonia,
aspiration, pulmonary hemorrhage, atelectasis, apnea, cyanotic attacks, respiratory failure,
respiratory arrest, hypoxemia), or requiring ventilation support at birth (Figure 4.4). Neonatal
sepsis and feeding difficulties occurred in 2.2% and 1.6% of infants, respectively, and the NICU
admission rate was 3.3%.
The unadjusted rate of each outcome varied considerably depending on the exposure
(Figures 4.5-4.8). Across all outcomes, the EED-I group had lower prevalence rates than the
FTD group (any respiratory morbidity: 5.1% vs. 6.3%; NICU admission: 2.2% vs. 3.0%; sepsis:
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1.5% vs. 2.1%; and feeding difficulties: 1.3% vs. 1.5%). Conversely, infants in the EED-CS
group experienced higher rates of each outcome than the FTD group, and for respiratory
morbidities and NICU admissions, doubled the rate of the EED-I group. Infants born following
ESD had outcome rates similar to the FTD group, and as expected, the EID group had the
highest overall adverse outcome rates. To simplify the presentation of results, and since the
associations between individual respiratory morbidities (RDS, TTN, other respiratory
morbidities, and the need for ventilation support) and exposure groups are similar to those
between the composite respiratory morbidity outcome and exposure, only results from the
composite outcome will be discussed. However, descriptive and inferential results from
individual respiratory morbidities will be provided in the appendix (Appendices D-S).
Unadjusted ORs and 95% CIs were generated to better understand the association
between each potential confounder and each outcome (Tables 4.2, 4.3, 4.4, and 4.5). Several
socio-demographic and perinatal characteristics tended to place infants at increased odds of
every, or nearly every, birth outcome. Compared to infants born to women 20-34 years old,
those born to women less than 20 had an increased odds of neonatal sepsis (OR=1.33, 95% CI:
1.26-1.40), admission to the NICU (OR=1.17, 95% CI: 1.26-1.40), feeding difficulties (OR=1.13,
95% CI: 1.05, 1.20), and a modest increased odds of any respiratory morbidity (OR=1.06, 95%
CI: 1.03-1.10). Offspring of unmarried women and of women with inadequate or no prenatal
care experienced between a 5-25% increased odds of each outcome. Maternal education and
per-capita income were generally not associated with any outcome, although compared to
infants born to women with a high school education, those born to women with higher levels of
education were slightly less likely (<10%) to experience an adverse outcome. Compared to
normal weight women, a maternal pre-pregnancy BMI of ≥35 conferred a slight increase in the
odds of feeding difficulties (OR=1.10; 95% CI: 1.01-1.19), and a more pronounced increased
odds of neonatal sepsis (OR=1.18, 95% CI: 1.10-1.26), admission to the NICU (OR=1.29, 95%
CI: 1.21-1.36), and any respiratory morbidity (OR=1.29, 95% CI: 1.24-1.35) in offspring. Infants
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born to Hispanic women, compared to NH-whites, had between a 7% (neonatal sepsis) and
33% (feeding difficulties) reduced odds of adverse outcomes, whereas infants born to NH-black
mothers experienced similar odds of adverse outcomes as NH-whites. The factor most strongly
associated with birth outcomes was maternal reproductive history. Compared to infants born to
women with a prior cesarean delivery, infants born to multiparous women without a previous
cesarean delivery were half as likely to experience a respiratory morbidity (OR=0.49; 95% CI:
0.48, 0.51), 40% less likely to be admitted to the NICU (OR=0.60; 95% CI: 0.58, 0.63), and
approximately 20% less likely to have neonatal sepsis (OR=0.79; 95% CI: 0.75, 0.84) or feeding
difficulties (OR=0.73; 95% CI: 0.69, 0.77). Nulliparous women were at significantly increased
odds of neonatal sepsis (OR=1.45, 95% CI: 1.38-1.53), but were 28% less likely to be born with
a respiratory morbidity (OR=0.72, 95% CI: 0.70-0.74) and 5% less likely to be admitted to the
NICU (OR=0.95, 95% CI: 0.92-0.99).

Multivariable Modeling
Tables 4.6-4.9 describe the complete results of multivariable modeling and Figures 4.94.12 summarize the adjusted ORs and 95%CIs between early elective delivery and each birth
outcome for Specific Aim 1. Compared to the FTD expectant management group, and after
adjusting for potentially confounding socio-demographic, perinatal, and hospital-level factors,
EED-I was associated with a reduced odds of any respiratory morbidity (OR=0.89, 95% CI:
0.84-0.94), neonatal sepsis (OR=0.78, 95% CI: 0.71-0.86), and admission to the NICU
(OR=0.85, 95% CI: 0.78-0.92). The ORs for respiratory morbidity subgroups (TTN, the need for
ventilation support, other respiratory morbidities) were similar to the respiratory morbidity
composite variable, although the EED-I group did have a borderline, non-significant increased
risk of RDS compared to FTD (Appendix M). There was no difference between the EED-I and
FTD groups on the odds of feeding difficulties. Infants in the EED-CS group, on the other hand,
were at higher odds of all 4 primary outcomes. Although the increased odds of neonatal sepsis
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relative to the FTD group was small (OR=1.09; 95% CI: 1.01-1.18), infants in the EED-CS group
experienced 40%, 34%, and 24% increased odds of any respiratory morbidity, admission to the
NICU, and feeding difficulties, respectively (respiratory: OR=1.40; 95% CI: 1.35-1.46; NICU:
OR=1.34; 95% CI: 1.26-1.42; feeding: OR=1.24; 95% CI: 1.14-1.35).
Infants in the ESD group had a moderate 22-24% increased odds of neonatal sepsis,
feeding difficulty, and admission to the NICU. Despite having the same proportion of vaginal
(versus cesarean) deliveries as infants in the EED-I group, the ESD group experienced a 7%
increase in the odds of respiratory morbidities (OR=1.07; 95% CI: 1.04-1.10). As expected, the
EID group consistently had the highest odds of adverse outcomes, with adjusted ORs ranging
from 1.82 for respiratory morbidities to 2.38 for admission to the NICU (Tables 4.6-4.9).
Multivariable models were also fit to determine whether the birth hospitalization LOS for
infants delivered EED-I and EED-CS were different from similar infants whose deliveries differed
by timing or reason for delivery initiation (Table 4.10). Compared to the FTD group (mean=2.48;
95% CI: 2.42-2.53), the EED-I group had a 4% lower adjusted mean LOS during the birth
hospitalization (mean=2.37; 95% CI: 2.32-2.43), whereas the infants in the EED-CS group
stayed 9% longer (mean=2.70; 95% CI: 2.64-2.76). The EID group had the longest LOS
(mean=3.05; 95% CI: 2.98-3.12), and the ESD group had a LOS nearly identical to the FTD
group.

Assessment of Effect Modification and Stratified Analyses
Maternal reproductive history was a significant effect measure modifier of the
associations between early elective delivery and each outcome diagnosed at birth. Therefore,
using the full multivariable model with an interaction term included between the exposure and
reproductive history, the results were stratified and presented for infants born to nulliparous
women, multiparous women without a prior cesarean, and women with a prior cesarean section
separately (Tables 4.6-4.9, Figures 4.5-4.8). Among nulliparous women, the adjusted ORs for
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feeding difficulty and respiratory morbidities were comparable to those reported above for the
full sample. However, infants born to nulliparous women in the EED-I group experienced a more
pronounced reduction in the odds of a NICU admission than did EED-I infants in the full sample
(nulliparous: OR=0.67; full sample: OR=0.85). Similarly, the increased risk for EED-CS infants,
compared to FTD infants, was attenuated in nulliparous women (OR=1.14) compared to the full
sample (OR=1.34). For neonatal sepsis, EED-CS infants experienced a reversal in the direction
of risk compared to FTD infants, from a 9% increased odds in the full sample to a 39% reduced
odds among nulliparous women.
When restricted to multiparous women without a previous cesarean section, the
magnitude of the adjusted ORs for each early term exposure group (EED-I, EED-CS, ESD,
EID), compared to the FTD group, increased relative to the full sample for all birth outcomes.
The most noteworthy differences were observed among the EED-CS group, who went from a 940% increased odds of each outcome within the full sample to a 71% to 270% increased odds.
In addition, there were no longer any statistically significant differences in the odds of any
outcome between the EED-I and FTD groups. Lastly, even among infant born to women with a
prior cesarean delivery, there remained an increased odds of each outcome for the EED-CS
compared to the FTD group, with adjusted ORs (1.18-1.30) comparable to those reported in the
full sample.

Specific Aim 2: The Association between Early Elective Delivery and Infant Morbidity
after Hospital Discharge
Descriptive Statistics and Bivariate Analyses
Among the entire study population, 51,265 (8.3%) infants were re-hospitalized 60,857
times during the first year of life (Table 4.11). There were 13,111 (2.1%) infants that were rehospitalized within two weeks after birth, and 22% of all re-hospitalizations in the first year of life
occurred within the first two weeks of life. The remaining 47,473 re-hospitalizations occurred
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between weeks 3 and 52 after birth, among 39,774 (6.5%) infants. Only 1.1% of infants had
more than one re-hospitalization, and only 1.8% of infants spent more than 4 total days in the
hospital during re-hospitalizations in the first year of life.
The likelihood of post-discharge hospitalization varied among exposure groups. Infants
in the FTD group had the lowest risk of re-hospitalization (7.8%), followed by EED-CS (8.7%),
ESD (9.4%), and EID (9.5%). Although infants in the EED-I group experienced the lowest rates
of fetal complications manifested at birth (Aim 1), they had the highest risk of re-hospitalization
(10.0%) (Figure 4.13). Similar patterns were observed for re-hospitalizations in the first two
weeks and those in weeks 3-52 (Figure 4.14). Interestingly, the EED-CS group had the lowest
risk of re-hospitalization in the first two weeks (1.8%), despite having the 2nd highest proportion
(9.7%) of infants who spent 5 or more total days in the hospital during the first year of life
(including the birth hospitalization). Since infants born via cesarean section who had adverse
birth outcomes are more likely remain in the hospital for the majority of the first two weeks of
life, their opportunity for a re-hospitalization during this time frame would be less than infants
discharged within a few days of birth. Thus, as an alternative indicator of early morbidity, a
composite variable was created to assess the risk of either a post-birth hospitalization in the first
two weeks of life or a prolonged birth hospitalization (in which infant LOS exceeded maternal
LOS) (Figure 4.15). Still, infants in the EED-CS group had the lowest risk (6.8%), followed by
FTD (7.4%), EED-I (8.1%), ESD (10.2%), and EID (10.6%).
Bivariate analyses revealed that several socio-demographic and perinatal characteristics
were associated with an increased likelihood of re-hospitalization in the first year of life (Table
4.12). The highest crude rates of re-hospitalization were observed among infants born to
women <20 years of age (11.4%), women with a pre-pregnancy BMI ≥35 (10.9%), women with
less than a high school education (10.9%), women on Medicaid (10.8%), and women who used
tobacco during pregnancy (10.8%). Male infants were 29% more likely than females to be rehospitalized. Compared to infants born to NH-whites, NH-blacks and to a lesser degree
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Hispanics were at increased odds of re-hospitalization (NH-black: OR=1.31; 95% CI: 1.28-1.34;
Hispanic: OR=1.10; 95% CI: 1.08-1.13). Infants born to unmarried women had 54% higher odds
of re-hospitalization compared to married women (OR=1.54; 95% CI: 1.51-1.57), and foreignborn women were 27% less likely than US-born women to have their baby re-hospitalized
(OR=0.73; 95% CI: 0.71-0.75). Pre-pregnancy BMI showed a characteristic J-shaped curve,
with infants born to underweight mothers having a 10% increased odds of re-hospitalization
compared to normal weight women, and those born to overweight, obese, and
severely/morbidly obese having a 13%, 31%, and 44% increased odds, respectively. No
hospital-level characteristics (e.g., birth volume, prenatal care level) was associated with the
likelihood of re-hospitalization.

Multivariable Modeling
Table 4.13 describes the adjusted ORs and 95% CIs that represent the association
between early elective delivery and two indicators of infant morbidity after hospital discharge. To
capture early morbidity in the first two weeks after birth, the aforementioned composite variable
of either a post-birth hospitalization in the first two weeks of life or a prolonged birth
hospitalization was used. Compared to infants in the FTD group, those in the EED-I group
experienced a 15% increased odds of early morbidity (OR=1.15; 95% CI: 1.10-1.20). The EEDCS group was not statistically significantly different from the FTD group. Infants in the ESD and
EID groups had the highest likelihood of early morbidity with a 40% and 55% increased odds of
a prolonged birth hospitalization or an early re-hospitalization in the first two weeks after birth,
respectively (ESD: OR=1.40; 95% CI: 1.37-1.44; EID: OR=1.55; 95% CI: 1.48-1.63). The
associations between exposure and later re-hospitalization in the first year of life were similar to
those for early re-hospitalization. EED-I infants had a 10% increased odds of re-hospitalization
during weeks 3-52 (OR=1.10; 95% CI: 1.03-1.18), and ESD and EID infants were again at the
highest odds of later infant morbidity after hospital discharge. However, infants in the EED-CS
81

group were actually at decreased odds of later re-hospitalization (OR=0.84; 95% CI: 0.76-0.92)
compared to the FTD group.
After adjusting for potentially confounding factors, there were small differences in the
estimated number of hospitalizations after birth in the first year of life (Table 4.14), and in the
total number of days spent in the hospital during those re-hospitalizations (Table 4.15).
Compared to infants in the FTD group, those in all of early term exposure groups had a slightly
higher relative rate of hospitalization and LOS. EED-I and EED-CS infants, respectively, had a
24% (95% CI: 1.19-1.28) and 9% (95% CI: 1.05-1.13) increase in the number of visits and a
15% (95% CI: 1.13-1.18) and 11% (95%CI: 1.09-1.13) increase in the combined LOS. The ESD
and EID groups had the highest rates of re-hospitalization and the longest LOS; however, the
absolute differences in the adjusted mean number of visits and mean LOS was small (Tables
4.14, 4.15).

Assessment of Effect Modification and Stratified Analyses
Although there were differences the crude rates of re-hospitalization among infants born
to nulliparous women (Table 4.12), multiparous women with no prior cesarean, and multiparous
women with a prior cesarean, maternal reproductive history did not significantly modify the
measures of association between early elective delivery and indicators of infant morbidity after
hospital discharge. Thus, no stratified analyses were performed.

The Most Common Diagnoses Associated with Infant Re-Hospitalizations
The most common principal and secondary diagnoses associated with infant rehospitalizations were grouped into condition categories (Appendix T), and the condition-specific
rates of each condition were examined overall and by exposure group (Table 4.16). Among the
entire study population, and for each exposure group, the most common principal diagnosis
associated with re-hospitalization in the first two weeks of life was jaundice (5.9 cases per 1,000
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infants), followed by fever (1.6 per 1,000), kidney/urinary tract infections (1.4 cases per 1,000),
and acute respiratory infection (1.4 cases per 1,000). Acute respiratory infections became the
most common principal diagnosis among re-hospitalizations during weeks 3-52 (17.31 cases
per 1,000), with pneumonia/influenza, kindey/urinary tract infections, fever, and intestinal
infections among the five most frequent conditions. When including secondary diagnosis codes
in addition to the principal diagnosis, dehydration also emerged as one of the conditions most
commonly associated with both early and late re-hospitalizations.
The crude rates of many conditions varied considerably by exposure group (Table 4.16).
The rates of jaundice in the first two weeks of life in the EED-I (12.6) and ESD (10.3) groups
were more than twice that of infants in the FTD (4.5) group. Similarly, in the first two weeks of
life, compared to the FTD group, infants in the EED-I group were more likely to be rehospitalized for sepsis (RR=1.67), kidney/urinary tract infections (1.31), and fever (1.30).
Conversely, infants in the EED-CS group were less likely to be re-hospitalized for jaundice
(RR=0.78) and kidney/urinary tract infections (RR=0.45). During weeks 3-52, the EED-I, EEDCS, and ESD groups were all between 15% and 51% more likely to be re-hospitalized for a
principal diagnosis of acute respiratory infections, pneumonia/influenza, kidney/urinary tract
infections, esophageal reflux, pyloric stenosis, and asthma.

Specific Aim 3: The Impact of Early Elective Delivery on Infant Survival
Descriptive Statistics and Bivariate Analyses
There were 987 infant deaths in the study population, resulting in an infant mortality rate
of 1.6 per 1,000 live births. Among these, 200 deaths occurred during the neonatal period and
787 in the post-neonatal period (Figure 4.16). As depicted in the KM survival curves in Figure
4.17, the infants in the EID group had the highest mortality during the early (0-6 days) and late
(7-27 days) neonatal periods, and infants in the ESD group had the poorest survival during the
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post-neonatal period. However, there were very little differences in the first year survival
experiences among the EED-I, EED-CS, and FTD groups.
There were many socio-demographic and perinatal factors associated with infant
mortality (Table 4.17). The highest crude rates of infant mortality were among infants born to
women who reported using tobacco during pregnancy (4.5 per 1,000), who were <20 years of
age (3.0 per 1,000), who had less than a high school education (2.8 per 1,000), who were NHblack (2.7 per 1,000) and who were severely/morbidly obese (2.7 per 1,000). Smokers were
over 3 times as likely as nonsmokers to have their baby die in the first year of life (HR=3.31;
95% CI: 2.82-3.87). Infants whose births were paid for by Medicaid were 2.78 times as likely to
die compared to those paid for by private insurance (95% CI: 2.39-3.25). Infant mortality was
also more than twice as likely among unmarried women, US-born women, and women receiving
inadequate or no prenatal care. Compared to NH-whites, infants born to NH-blacks were 71%
more likely (95% CI: 1.45-2.01) to die, whereas those born to Hispanics were 35% (95% CI:
0.54-0.79) less likely to die. Infants born to women aged 35 and older had the lowest rate of
infant death among any subgroup (0.8 per 1,000) and were nearly half as likely to die as those
born to 20-34 year-olds (HR=0.53; 95% CI: 0.41-0.68). Lastly, nulliparous women had a 28%
lower infant mortality rate than multiparous women, and there was no difference between infants
born to multiparous women with and without a previous cesarean section.

Multivariable Modeling
Table 4.18 describes the complete results of multivariable modeling and Figure 4.18
summarizes the adjusted HRs and 95%CIs between early elective delivery and infant mortality.
After adjusting for all potential confounders, there were no differences in the risk of infant
mortality between infants in the FTD group and those in either the EED-I or EED-CS group.
However, the ESD and EID groups experienced a 31% (95% CI: 1.10-1.57) and 54% (95% CI:
1.16-2.05) increased likelihood of dying compared to the FTD group.
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Assessment of Effect Modification and Stratified Analyses
Reproductive history significantly modified the effect of the exposure on infant mortality,
particularly for infants in the EED-CS group. Among nulliparous women, there was no difference
between EED-CS and FTD infants, but there was over a two-fold increased risk of infant death
for EED-CS among multiparous women without a previous cesarean delivery (HR=2.39; 95%
CI: 1.27-4.52). Infants in the EED-CS group who were born to women with history of a prior
cesarean section were slightly less likely to die although the measure of association was not
statistically significant (HR=0.75; 95% CI: 0.54-1.04).

The Most Common Underlying and Contributing Causes of Infant Death
Table 4.19 describes the underlying and contributing causes of death that are most
frequently listed on infant death certificates for infants in the study population who die within the
first year of life. The 5 most common underlying cause of death were sudden infant death
syndrome (26.6 per 100,000 live births), accidental suffocation and strangulation in bed (25.2
per 100,000), ill-defined and unknown cause of mortality (18.0 per 100,000), unspecified threat
to breathing (5.8 per 100,000), and assault by unspecified means (3.9 per 100,000). The top
cause of death for the FTD exposure group was also sudden infant death syndrome; however,
for each early term group, the most common underlying cause of death was accidental
suffocation and strangulation in bed. Although never listed as an underlying cause, for all
exposure groups, asphyxiation (35.1 per 100,000) was more than 5 times more likely than any
other condition to be listed as a contributing cause of death. Other common contributing causes
of death included unspecified injury of face and head (6.3 per 100,000), cardiac arrest, cause
unspecified (5.5 per 100,000), respiratory failure, unspecified (4.4 per 100,000), and other
general symptoms and signs (3.7 per 100,000). Although rare (only 19 cases overall), the
mortality rate of respiratory failure of the newborn in the EED-CS and EID groups was nearly 6.6
and 4.9 times higher than the FTD group. Although other differences across exposure groups
85

were suggested, the low number of cases within exposure subgroups precluded further
assessment.

Sensitivity Analyses
Assessing the Potential Impact of Misclassification of Gestational Age
Accurate measurement of gestational age is critical in the present study. As mentioned
in Chapter 3, two measures were available in the study database for determining gestational
age, the LMP-based estimate and CE. Table 4.20 describes the agreement between the LMP
and CE-based estimates of gestational age across exposure groups (an expanded table
including all study variables is provided in Appendix U). Exact agreement occurs in 48.1% of the
study population, and is highest for the EED-CS group (54.3%) and lowest in the EED-I group
(45.4%). The direction of discrepancy between the two measures depends upon the timing of
delivery. For all early term infants, disagreement in which the CE estimates a higher gestational
age is significantly more common. Conversely, for infants born at 41 weeks and after, the CE
estimates a lower gestational age than the LMP in over 90% of the instances in which the two
values are discordant. The tendency is for the CE to produce estimates closer to the 39-40
week range relative to the LMP. It is important to reiterate that agreement between LMP and
CE-based estimates is best within the 37-40 weeks window, which constitutes the large majority
of infants included in this study.
The LMP-based estimate was selected over the CE to err on the side of random, versus
a suspected systematic misclassification. Since various factors still render the LMP-based
estimate susceptible to errors in estimation, a sensitivity analysis in which only 309,662 of the
original 616,250 infants whose LMP and CE-based estimates were in exact agreement (in
weeks of gestation) was conducted. Although a gold standard for accurate determinate of
gestational age did not exist in the study database, records with exact concordance on the two
available measures of gestational age provide a subset of records with the lowest likelihood of
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misclassification. Figure 4.19 compares the adjusted ORs and 95%CIs for the 4 primary birth
outcomes discussed in Aim 1 between the full and restricted samples. For infants in the EED-I
group, who had a small but statistically significantly reduced risk of any respiratory morbidity,
neonatal sepsis, and admission to the NICU in the full sample, there were no differences from
the FTD group in the restricted sample. Also, the sensitivity analysis resulted in a slight
increased risk of feeding difficulty for the EED-I group, whereas the original analysis showed no
difference between the two groups. However, most study findings remained unchanged.

Assessing the Potential Impact of Choice of the ≥39 Week Comparison Group
A second series of sensitivity analyses were conducted to evaluate the impact of the
choice of comparison group. In the original analyses, the FTD group consisted of all infants born
between 39 and 44 weeks. They represented the expectant management group – those infants
who were at risk of an early elective delivery, but who were expectantly managed and were not
delivered (regardless of method) until 39 weeks or later. However, it may be argued that based
on the AHRQ systematic review described in Chapter 1 that pregnancies that go into the 41st
week and beyond are at increased risk of some adverse outcomes. Thus, all analyses were reconducted using an FTD reference group that included only infants born at 39-40 weeks.
Infants born at 39-40 weeks constituted 75% of the original 39-44 week reference group
(Figure 4.20). When the FTD group was restricted to these infants, all study results were nearly
identical to those reported from the original analyses (Figure 4.21). Thus, the inclusion of 41-44
week infants in the FTD group did not explain any of the findings in this study.
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Table 4.1a. Distribution of the study population by exposure categories and selected socio-demographic, perinatal, and hospital characteristics: Summed within exposure categories
ESD:
EID:
FTD:
EED-EI:
EED-CS:
Spontaneous
MedicallyDelivery
Elective induction Elective Cesarean
delivery
indicated delivery
Total
at ≥39 weeks
at 37-38 weeks
at 37-38 weeks
at 37-38 weeks
at 37-38 weeks
Characteristic
N
%a
n
%a
n
%a
n
%a
n
%a
n
%a
p-valueb
Overall
616,250
100.0 415,702
100.0
32,747
100.0
47,300
100.0
99,334
100.0
21,167
100.0
Maternal age (years)
<0.0001
<20 years
64,585
10.5
45,892
11.0
2,999
9.2
1,627
3.4
12,175
12.3
1,892
8.9
20-34 years
470,649
76.4 319,596
76.9
25,079
76.6
34,782
73.5
75,737
76.2
15,455
73.0
≥35 years
81,016
13.1
50,214
12.1
4,669
14.3
10,891
23.0
11,422
11.5
3,820
18.0
Maternal race/ethnicity
<0.0001
Non-Hispanic white
290,743
47.2 202,410
48.7
18,055
55.1
21,801
46.1
39,640
39.9
8,837
41.7
Non-Hispanic black
122,556
19.9
78,434
18.9
5,901
18.0
8,861
18.7
25,014
25.2
4,346
20.5
Hispanic
171,387
27.8 113,632
27.3
7,464
22.8
14,502
30.7
28,865
29.1
6,924
32.7
Other
29,110
4.7
19,581
4.7
1,187
3.6
1,954
4.1
5,422
5.5
966
4.6
Maternal country of birth
<0.0001
US-born
429,355
69.7 290,895
70.0
25,381
77.5
31,584
66.8
67,524
68.0
13,971
66.0
Foreign-born
186,895
30.3 124,807
30.0
7,366
22.5
15,716
33.2
31,810
32.0
7,196
34.0
Marital status
<0.0001
Married
348,577
56.6 232,850
56.0
19,815
60.5
31,478
66.5
52,143
52.5
12,291
58.1
Unmarried
267,673
43.4 182,852
44.0
12,932
39.5
15,822
33.5
47,191
47.5
8,876
41.9
Adequacy of prenatal care
<0.0001
Adequate/Intensive
256,754
41.7 146,427
35.2
19,924
60.8
27,434
58.0
50,892
51.2
12,077
57.1
Intermediate
271,367
44.0 207,531
49.9
9,462
28.9
14,259
30.1
33,537
33.8
6,578
31.1
Inadequate/None/Missing
88,129
14.3
61,744
14.9
3,361
10.3
5,607
11.9
14,905
15.0
2,512
11.9
Reproductive history
<0.0001
Nulliparous
261,635
42.5 191,717
46.1
11,397
34.8
7,204
15.2
41,145
41.4
10,172
48.1
Multiparous, no previous CS
257,874
41.8 171,650
41.3
21,350
65.2
3,432
7.3
54,900
55.3
6,542
30.9
c
c
Multiparous, previous CS
96,741
15.7
52,335
12.6
36,664
77.5
3,289
3.3
4,453
21.0
Maternal education
<0.0001
Less than high school
107,683
17.5
74,581
17.9
4,597
14.0
5,852
12.4
19,807
19.9
2,846
13.4
High school diploma/GED
192,348
31.2 129,067
31.0
10,080
30.8
14,207
30.0
32,619
32.8
6,375
30.1
More than high school
313,970
50.9 210,521
50.6
17,973
54.9
27,074
57.2
46,522
46.8
11,880
56.1
Principal source of payment
<0.0001
Private Insurance
285,254
46.3 189,962
45.7
16,898
51.6
25,493
53.9
41,756
42.0
11,145
52.7
Medicaid
272,404
44.2 184,198
44.3
14,026
42.8
18,367
38.8
47,191
47.5
8,622
40.7
Self-pay
48,226
7.8
34,325
8.3
1,337
4.1
2,908
6.1
8,483
8.5
1,173
5.5
Other
10,366
1.7
7,217
1.7
486
1.5
532
1.1
1,904
1.9
227
1.1
Per-capita income
<0.0001
<$20,000
178,646
29.0 118,578
28.5
8,857
27.0
13,500
28.5
31,492
31.7
6,219
29.4
$20,000-$29,999
298,821
48.5 203,084
48.9
16,054
49.0
22,064
46.6
47,516
47.8
10,103
47.7
≥$30,000
136,504
22.2
92,436
22.2
7,741
23.6
11,586
24.5
19,957
20.1
4,784
22.6
Pre-pregnancy body mass
<0.0001
index
Underweight
30,970
5.0
20,449
4.9
1,606
4.9
1,624
3.4
6,418
6.5
873
4.1
Normal
313,770
50.9 212,318
51.1
16,956
51.8
21,062
44.5
53,281
53.6
10,153
48.0
Overweight
139,186
22.6
94,014
22.6
7,504
22.9
11,916
25.2
20,782
20.9
4,970
23.5
Obese-I
61,359
10.0
41,490
10.0
3,295
10.1
5,854
12.4
8,346
8.4
2,374
11.2
Obese-II, III
37,990
6.2
25,841
6.2
1,935
5.9
4,344
9.2
4,357
4.4
1,513
7.1
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Table 4.1a (Continued)

Characteristic

Total
N

%a

FTD:
Delivery
at ≥39 weeks
n
%a

EED-EI:
Elective induction
at 37-38 weeks
n
%a

EED-CS:
Elective Cesarean
at 37-38 weeks
n
%a

Pre-pregnancy body mass
index (continued)
Missing
32,975
5.4
21,590
5.2
1,451
4.4
2,500
5.3
Maternal tobacco use
Yes
47,162
7.7
32,462
7.8
2,694
8.2
3,273
6.9
No
569,088
92.3 383,240
92.2
30,053
91.8
44,027
93.1
Infant sex
Male
313,881
50.9 208,443
50.1
17,083
52.2
24,546
51.9
Female
302,367
49.1 207,258
49.9
15,664
47.8
22,754
48.1
Infant year of birth
2005
122,827
19.9
82,263
19.8
7,063
21.6
9,458
20.0
2006
124,824
20.3
83,326
20.0
6,948
21.2
9,886
20.9
2007
125,963
20.4
84,506
20.3
6,745
20.6
10,094
21.3
2008
123,320
20.0
84,062
20.2
6,169
18.8
9,211
19.5
2009
119,316
19.4
81,545
19.6
5,822
17.8
8,651
18.3
Hospital annual birth volume
100-499 births
9,704
1.6
6,343
1.5
1,121
3.4
815
1.7
500-999 births
52,448
8.5
36,297
8.7
3,135
9.6
3,760
7.9
1,000-1,999 births
152,888
24.8 103,595
24.9
7,690
23.5
12,790
27.0
≥2,000 births
401,210
65.1 269,467
64.8
20,801
63.5
29,935
63.3
Hopsital Perinatal Care
Level
Level 0, 1
173,650
28.2 119,830
28.8
9,306
28.4
11,943
25.2
Level 2
194,190
31.5 130,066
31.3
11,252
34.4
16,036
33.9
Level 3
248,410
40.3 165,806
39.9
12,189
37.2
19,321
40.8
Hospital % Nurse-Midwife
Births
<20%
462,306
75.0 308,151
74.1
25,462
77.8
37,143
78.5
20-29%
84,754
13.8
58,768
14.1
4,319
13.2
5,587
11.8
≥30%
69,190
11.2
48,783
11.7
2,966
9.1
4,570
9.7
a
Percentages displayed are column percentages
b
P-value associated with the chi-square test for statistical independence.
c
Elective inductions among women with a previous Cesarean section were extremely rare, and thus excluded from the study.
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ESD:
Spontaneous
delivery
at 37-38 weeks
n
%a

EID:
Medicallyindicated delivery
at 37-38 weeks
n
%a

6,150

6.2

1,284

6.1

7,364
91,970

7.4
92.6

1,369
19,798

6.5
93.5

52,282
47,051

52.6
47.4

11,527
9,640

54.5
45.5

20,157
20,604
20,085
19,626
18,862

20.3
20.7
20.2
19.8
19.0

3,886
4,060
4,533
4,252
4,436

18.4
19.2
21.4
20.1
21.0

1,154
8,065
24,186
65,929

1.2
8.1
24.3
66.4

271
1,191
4,627
15,078

1.3
5.6
21.9
71.2

p-valueb

<0.0001

<0.0001

<0.0001

<0.0001
27,468
29,985
41,881

27.7
30.2
42.2

5,103
6,851
9,213

24.1
32.4
43.5
<0.0001

74,212
13,785
11,337

74.7
13.9
11.4

17,338
2,295
1,534

81.9
10.8
7.2

Table 4.1b. Distribution of the study population by exposure categories and selected socio-demographic, perinatal, and hospital characteristics: Summed within descriptive variable
categories
ESD:
EID:
FTD:
EED-EI:
EED-CS:
Spontaneous
Medically-indicated
Delivery
Elective induction
Elective Cesarean
delivery
delivery
Total
at ≥39 weeks
at 37-38 weeks
at 37-38 weeks
at 37-38 weeks
at 37-38 weeks
Characteristic
N
n
%a
n
%a
n
%a
n
%a
n
%a p-valueb
Overall
616,250 415,702
67.5
32,747
5.3
47,300
7.7
99,334
16.1
21,167
3.4
Maternal age (years)
<0.0001
<20 years
64,585
45,892
71.1
2,999
4.6
1,627
2.5
12,175
18.9
1,892
2.9
20-34 years
470,649 319,596
67.9
25,079
5.3
34,782
7.4
75,737
16.1
15,455
3.3
≥35 years
81,016
50,214
62.0
4,669
5.8
10,891
13.4
11,422
14.1
3,820
4.7
Maternal race/ethnicity
<0.0001
Non-Hispanic white
290,743 202,410
69.6
18,055
6.2
21,801
7.5
39,640
13.6
8,837
3.0
Non-Hispanic black
122,556
78,434
64.0
5,901
4.8
8,861
7.2
25,014
20.4
4,346
3.5
Hispanic
171,387 113,632
66.3
7,464
4.4
14,502
8.5
28,865
16.8
6,924
4.0
Other
29,110
19,581
67.3
1,187
4.1
1,954
6.7
5,422
18.6
966
3.3
Maternal country of birth
<0.0001
US-born
429,355 290,895
67.8
25,381
5.9
31,584
7.4
67,524
15.7
13,971
3.3
Foreign-born
186,895 124,807
66.8
7,366
3.9
15,716
8.4
31,810
17.0
7,196
3.9
Marital status
<0.0001
Married
348,577 232,850
66.8
19,815
5.7
31,478
9.0
52,143
15.0
12,291
3.5
Unmarried
267,673 182,852
68.3
12,932
4.8
15,822
5.9
47,191
17.6
8,876
3.3
Adequacy of prenatal care
<0.0001
Adequate/Intensive
256,754 146,427
57.0
19,924
7.8
27,434
10.7
50,892
19.8
12,077
4.7
Intermediate
271,367 207,531
76.5
9,462
3.5
14,259
5.3
33,537
12.4
6,578
2.4
Inadequate/None/Missing
88,129
61,744
70.1
3,361
3.8
5,607
6.4
14,905
16.9
2,512
2.9
Reproductive history
<0.0001
Nulliparous
261,635 191,717
73.3
11,397
4.4
7,204
2.8
41,145
15.7
10,172
3.9
Multiparous, no previous CS
257,874 171,650
66.6
21,350
8.3
3,432
1.3
54,900
21.3
6,542
2.5
c
c
Multiparous, previous CS
96,741
52,335
54.1
36,664
37.9
3,289
3.4
4,453
4.6
Maternal education
<0.0001
Less than high school
107,683
74,581
69.3
4,597
4.3
5,852
5.4
19,807
18.4
2,846
2.6
High school diploma/GED
192,348 129,067
67.1
10,080
5.2
14,207
7.4
32,619
17.0
6,375
3.3
More than high school
313,970 210,521
67.1
17,973
5.7
27,074
8.6
46,522
14.8
11,880
3.8
Principal source of payment
<0.0001
Private Insurance
285,254 189,962
66.6
16,898
5.9
25,493
8.9
41,756
14.6
11,145
3.9
Medicaid
272,404 184,198
67.6
14,026
5.1
18,367
6.7
47,191
17.3
8,622
3.2
Self-pay
48,226
34,325
71.2
1,337
2.8
2,908
6.0
8,483
17.6
1,173
2.4
Other
10,366
7,217
69.6
486
4.7
532
5.1
1,904
18.4
227
2.2
Per-capita income
<0.0001
<$20,000
178,646 118,578
66.4
8,857
5.0
13,500
7.6
31,492
17.6
6,219
3.5
$20,000-$29,999
298,821 203,084
68.0
16,054
5.4
22,064
7.4
47,516
15.9
10,103
3.4
≥$30,000
136,504
92,436
67.7
7,741
5.7
11,586
8.5
19,957
14.6
4,784
3.5
Pre-pregnancy body mass
<0.0001
index
Underweight
30,970
20,449
66.0
1,606
5.2
1,624
5.2
6,418
20.7
873
2.8
Normal
313,770 212,318
67.7
16,956
5.4
21,062
6.7
53,281
17.0
10,153
3.2
Overweight
139,186
94,014
67.5
7,504
5.4
11,916
8.6
20,782
14.9
4,970
3.6
Obese-I
61,359
41,490
67.6
3,295
5.4
5,854
9.5
8,346
13.6
2,374
3.9
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Table 4.1b (Continued)
FTD:
Delivery
at ≥39 weeks
n
%a

EED-EI:
Elective induction
at 37-38 weeks
n
%a

EED-CS:
Elective Cesarean
at 37-38 weeks
n
n

ESD:
Spontaneous
delivery
at 37-38 weeks
%a
n

Total
Characteristic
N
Pre-pregnancy body mass
index (continued)
Obese-II, III
37,990
25,841
68.0
1,935
5.1
4,344
11.4
4,357
Missing
32,975
21,590
65.5
1,451
4.4
2,500
7.6
6,150
Maternal tobacco use
Yes
47,162
32,462
68.8
2,694
5.7
3,273
6.9
7,364
No
569,088 383,240
67.3
30,053
5.3
44,027
7.7
91,970
Infant sex
Male
313,881 208,443
66.4
17,083
5.4
24,546
7.8
52,282
Female
302,367 207,258
68.5
15,664
5.2
22,754
7.5
47,051
Infant year of birth
2005
122,827
82,263
67.0
7,063
5.8
9,458
7.7
20,157
2006
124,824
83,326
66.8
6,948
5.6
9,886
7.9
20,604
2007
125,963
84,506
67.1
6,745
5.4
10,094
8.0
20,085
2008
123,320
84,062
68.2
6,169
5.0
9,211
7.5
19,626
2009
119,316
81,545
68.3
5,822
4.9
8,651
7.3
18,862
Hospital annual birth volume
100-499 births
9,704
6,343
65.4
1,121
11.6
815
8.4
1,154
500-999 births
52,448
36,297
69.2
3,135
6.0
3,760
7.2
8,065
1,000-1,999 births
152,888 103,595
67.8
7,690
5.0
12,790
8.4
24,186
≥2,000 births
401,210 269,467
67.2
20,801
5.2
29,935
7.5
65,929
Hopsital Perinatal Care Level
Level 0, 1
173,650 119,830
69.0
9,306
5.4
11,943
6.9
27,468
Level 2
194,190 130,066
67.0
11,252
5.8
16,036
8.3
29,985
Level 3
248,410 165,806
66.7
12,189
4.9
19,321
7.8
41,881
Hospital % Nurse-Midwife
Births
<20%
462,306 308,151
66.7
25,462
5.5
37,143
8.0
74,212
20-29%
84,754
58,768
69.3
4,319
5.1
5,587
6.6
13,785
≥30%
69,190
48,783
70.5
2,966
4.3
4,570
6.6
11,337
a
Percentages displayed are row percentages
b
P-value associated with the chi-square test for statistical independence.
c
Elective inductions among women with a previous Cesarean section were extremely rare, and thus excluded from the study.
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EID:
Medically-indicated
delivery
at 37-38 weeks
%a
n

11.5
18.7

1,513
1,284

4.0
3.9

15.6
16.2

1,369
19,798

2.9
3.5

16.7
15.6

11,527
9,640

3.7
3.2

16.4
16.5
15.9
15.9
15.8

3,886
4,060
4,533
4,252
4,436

3.2
3.3
3.6
3.4
3.7

11.9
15.4
15.8
16.4

271
1,191
4,627
15,078

2.8
2.3
3.0
3.8

15.8
15.4
16.9

5,103
6,851
9,213

2.9
3.5
3.7

p-valueb

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001
16.1
16.3
16.4

17,338
2,295
1,534

3.8
2.7
2.2

Figure 4.2. Reproductive history, by exposure categories
CS=Cesarean section

Figure 4.3. The final method of delivery, by exposure categories
CS=Cesarean section
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Figure 4.4. Overall prevalence of fetal complications manifested at birth
TTN=transient tachypnea of the newborn; RDS=respiratory distress syndrome; NICU=neonatal
intensive care unit
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Figure 4.5. Prevalence of any respiratory morbidity during the birth hospitalization, by exposure
categories
“Any respiratory morbidity” is a composite indicator including the need for ventilation support and that
includes a diagnosis of respiratory distress syndrome, transient tachypnea of the newborn, or other
respiratory complications including congenital pneumonia, fetal and newborn aspiration, interstitial
emphysema and related conditions, pulmonary hemorrhage, primary atelectasis, other/unspecified
atelectasis, chronic respiratory disease, primary or other apnea, cyanotic attacks, respiratory failure,
aspiration of postnatal stomach contents, respiratory arrest, hypoxemia, other respiratory problems after
birth, and unspecified respiratory condition of fetus and newborn.

Figure 4.6. Prevalence of neonatal intensive care unit (NICU) admissions during the birth
hospitalization, by exposure categories
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Figure 4.7. Prevalence of neonatal sepsis during the birth hospitalization, by exposure
categories

Figure 4.8. Prevalence of feeding difficulties during the birth hospitalization, by exposure
categories
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Table 4.2. The frequency and rate of any respiratory morbiditya during the birth hospitalization,
by socio-demographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsb
616,250

Number
of cases
41,353

Cases
per 100
births
6.7

64,585
470,649
81,016

4,593
31,196
5,564

7.1
6.6
6.9

1.06 (1.03, 1.10)
1.00 (reference)
1.06 (1.03, 1.09)

290,743
122,556
171,387
29,110

21,450
7,632
10,342
1,656

7.4
6.2
6.0
5.7

1.00 (reference)
0.92 (0.89, 0.94)
0.85 (0.83, 0.87)
0.81 (0.77, 0.85)

429,355
186,895

30,014
11,339

7.0
6.1

1.00 (reference)
0.88 (0.85, 0.90)

348,577
267,673

23,039
18,314

6.6
6.8

1.00 (reference)
1.05 (1.02, 1.07)

256,754
271,367
88,129

17,186
18,183
5,984

6.7
6.7
6.8

1.00 (reference)
0.99 (0.96, 1.01)
1.07 (1.04, 1.11)

261,635
257,874
96,741

18,835
13,411
9,107

7.2
5.2
9.4

0.72 (0.70, 0.74)
0.49 (0.48, 0.51)
1.00 (reference)

107,683
192,348
313,970

7,405
13,256
20,520

6.9
6.9
6.5

0.97 (0.94, 1.00)
1.00 (reference)
0.96 (0.94, 0.99)

285,254
272,404
48,226
10,366

18,518
18,578
2,812
1,445

6.5
6.8
5.8
13.9

1.00 (reference)
1.05 (1.03, 1.07)
0.87 (0.84, 0.91)
1.01 (0.93, 1.09)

178,646
298,821
136,504

11,475
20,444
9,266

6.4
6.8
6.8

1.01 (0.99, 1.04)
1.00 (reference)
0.99 (0.97, 1.02)

30,970
313,770
139,186
61,359
37,990
32,975

1,936
20,098
9,650
4,494
3,021
2,154

6.3
6.4
6.9
7.3
8.0
6.5

0.96 (0.91, 1.01)
1.00 (reference)
1.10 (1.07, 1.13)
1.17 (1.13, 1.21)
1.29 (1.24, 1.35)
1.16 (1.10, 1.22)

47,162
569,088

3,501
37,852

7.4
6.7

1.06 (1.02, 1.10)
1.00 (reference)

313,881
302,367

23,869
17,484

7.6
5.8

1.36 (1.33, 1.39)
1.00 (reference)
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Crude OR (95% CI)c
N/A

Table 4.2 (Continued)
Number
of birthsb

Number
of cases

Cases
per 100
births

Characteristic
Crude OR (95% CI)c
Infant year of birth
2005
122,827
8,429
6.9
1.02 (0.99, 1.06)
2006
124,824
8,147
6.5
1.01 (0.97, 1.04)
1.06 (1.03, 1.10)
2007
125,963
8,741
6.9
2008
123,320
8,196
6.6
1.02 (0.99, 1.05)
2009
119,316
7,840
6.6
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
553
5.7
1.18 (0.93, 1.50)
1.20 (1.06, 1.35)
500-999 births
52,448
2,679
5.1
1.32 (1.24, 1.41)
1,000-1,999 births
152,888
11,382
7.4
≥2,000 births
401,210
26,739
6.7
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
173,650
11,638
6.7
0.86 (0.68, 1.09)
Level 2
194,190
11,338
5.8
1.00 (0.80, 1.26)
Level 3
248,410
18,377
7.4
1.00 (reference)
Hospital % Nurse-Midwife Births
0.90 (0.83, 0.98)
<20%
462,306
26,618
5.8
0.92 (0.87, 0.97)
20-29%
84,754
6,439
7.6
≥30%
69,190
8,296
12.0
1.00 (reference)
OR=odds ratio; CI=confidence interval
aA composite indicator including the need for ventilation support, and a diagnosis of respiratory distress
syndrome, transient tachypnea of the newborn, or other respiratory complications including: 770.0
(congenital pneumonia), 770.10-17 (fetal and newborn aspiration), 770.2 (interstitial emphysema and
related conditions), 770.3 (pulmonary hemorrhage), 770.4 (primary atelectasis), 770.5
(other/unspecified atelectasis), 770.7 (chronic respiratory disease), 770.81-82 (primary or other apnea),
770.83 (cyanotic attacks), 770.84 (respiratory failure), 770.85-86 (aspiration of postnatal stomach
contents), 770.87 (respiratory arrest), 770.88 (hypoxemia), 770.89 (other respiratory problems after
birth), and 770.9 (unspecified respiratory condition of fetus and newborn).
bThe number of births across levels of each characteristic may not add to the total due to missing
values.
cGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.
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Table 4.3. The frequency and rate of neonatal intensive care unit (NICU) admissions during the
birth hospitalization, by socio-demographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsa
616,250

Number
of cases
20,100

Cases
per 100
births
3.3

64,585
470,649
81,016

2,382
15,066
2,652

3.7
3.2
3.3

1.17 (1.11, 1.22)
1.00 (reference)
0.97 (0.93, 1.01)

290,743
122,556
171,387
29,110

8,936
4,613
5,594
871

3.1
3.8
3.3
3.0

1.00 (reference)
0.99 (0.95, 1.03)
0.87 (0.84, 0.91)
0.91 (0.84, 0.98)

429,355
186,895

13,527
6,573

3.2
3.5

1.00 (reference)
0.88 (0.85, 0.91)

348,577
267,673

10,371
9,729

3.0
3.6

1.00 (reference)
1.17 (1.13, 1.20)

256,754
271,367
88,129

7,835
8,916
3,349

3.1
3.3
3.8

1.00 (reference)
1.00 (0.97, 1.04)
1.17 (1.11, 1.22)

261,635
257,874
96,741

9,942
6,226
3,932

3.8
2.4
4.1

0.95 (0.92, 0.99)
0.60 (0.58, 0.63)
1.00 (reference)

107,683
192,348
313,970

3,811
6,741
9,409

3.5
3.5
3.0

1.01 (0.97, 1.06)
1.00 (reference)
0.92 (0.89, 0.95)

285,254
272,404
48,226
10,366

8,301
9,507
1,888
404

2.9
3.5
3.9
3.9

1.00 (reference)
1.13 (1.09, 1.16)
0.98 (0.92, 1.04)
1.05 (0.94, 1.18)

178,646
298,821
136,504

6,239
9,597
4,185

3.5
3.2
3.1

1.03 (1.00, 1.07)
1.00 (reference)
0.95 (0.91, 0.99)

30,970
313,770
139,186
61,359
37,990
32,975

981
9,848
4,518
2,127
1,473
1,153

3.2
3.1
3.2
3.5
3.9
3.5

1.00 (0.94, 1.07)
1.00 (reference)
1.03 (1.00, 1.07)
1.12 (1.07, 1.18)
1.29 (1.21, 1.36)
1.15 (1.07, 1.23)

47,162
569,088

1,495
18,605

3.2
3.3

1.09 (1.03, 1.16)
1.00 (reference)

313,881
302,367

11,459
8,639

3.7
2.9

1.30 (1.26, 1.34)
1.00 (reference)
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Crude OR (95% CI)b
N/A

Table 4.3 (Continued)
Number
of birthsa

Number
of cases

Cases
per 100
births

Characteristic
Crude OR (95% CI)b
Infant year of birth
0.68 (0.65, 0.72)
2005
122,827
2,968
2.4
0.91 (0.87, 0.95)
2006
124,824
4,010
3.2
2007
125,963
4,516
3.6
1.03 (0.98, 1.07)
2008
123,320
4,365
3.5
1.02 (0.98, 1.07)
2009
119,316
4,241
3.6
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
186
1.9
0.82 (0.57, 1.16)
500-999 births
52,448
1,108
2.1
0.91 (0.76, 1.09)
1,000-1,999 births
152,888
4,172
2.7
1.02 (0.93, 1.12)
≥2,000 births
401,210
14,634
3.6
1.00 (reference)
Hopsital Perinatal Care Level
0.32 (0.22, 0.45)
Level 0, 1
173,650
2,865
1.6
Level 2
194,190
6,877
3.5
0.79 (0.59, 1.06)
Level 3
248,410
10,358
4.2
1.00 (reference)
Hospital % Nurse-Midwife Births
1.27 (1.12, 1.44)
<20%
462,306
15,045
3.3
1.13 (1.04, 1.23)
20-29%
84,754
2,932
3.5
≥30%
69,190
2,123
3.1
1.00 (reference)
OR=odds ratio; CI=confidence interval
aThe number of births across levels of each characteristic may not add to the total due to missing
values.
bGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.
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Table 4.4. The frequency and rate of neonatal sepsis during the birth hospitalization, by sociodemographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsa
616,250

Number
of cases
13,528

Cases
per 100
births
2.2

64,585
470,649
81,016

1,879
10,116
1,533

2.9
2.1
1.9

1.33 (1.26, 1.40)
1.00 (reference)
0.86 (0.82, 0.91)

290,743
122,556
171,387
29,110

5,828
2,928
4,143
580

2.0
2.4
2.4
2.0

1.00 (reference)
1.00 (0.95, 1.05)
0.93 (0.89, 0.98)
0.96 (0.88, 1.05)

429,355
186,895

9,105
4,423

2.1
2.4

1.00 (reference)
0.91 (0.87, 0.95)

348,577
267,673

6,733
6,795

1.9
2.5

1.00 (reference)
1.25 (1.21, 1.30)

256,754
271,367
88,129

5,516
5,654
2,358

2.1
2.1
2.7

1.00 (reference)
1.05 (1.01, 1.10)
1.24 (1.17, 1.31)

261,635
257,874
96,741

7,464
4,070
1,994

2.9
1.6
2.1

1.45 (1.38, 1.53)
0.79 (0.75, 0.84)
1.00 (reference)

107,683
192,348
313,970

2,556
4,630
6,263

2.4
2.4
2.0

1.02 (0.96, 1.07)
1.00 (reference)
0.90 (0.87, 0.94)

285,254
272,404
48,226
10,366

5,378
6,891
977
282

1.9
2.5
2.0
2.7

1.00 (reference)
1.16 (1.11, 1.20)
1.00 (0.92, 1.07)
1.01 (0.88, 1.16)

178,646
298,821
136,504

4,551
6,382
2,537

2.5
2.1
1.9

1.04 (1.00, 1.09)
1.00 (reference)
0.95 (0.90, 1.00)

30,970
313,770
139,186
61,359
37,990
32,975

698
6,675
3,096
1,445
956
658

2.3
2.1
2.2
2.4
2.5
2.0

1.05 (0.97, 1.14)
1.00 (reference)
1.03 (0.99, 1.08)
1.09 (1.02, 1.15)
1.18 (1.10, 1.26)
1.06 (0.97, 1.16)

47,162
569,088

1,023
12,505

2.2
2.2

1.02 (0.95, 1.09)
1.00 (reference)

313,881
302,367

7,609
5,918

2.4
2.0

1.25 (1.21, 1.30)
1.00 (reference)

100

Crude OR (95% CI)b
N/A

Table 4.4 (Continued)
Number
of birthsa

Number
of cases

Cases
per 100
births

Characteristic
Crude OR (95% CI)b
Infant year of birth
0.78 (0.74, 0.83)
2005
122,827
2,482
2.0
0.75 (0.71, 0.80)
2006
124,824
2,425
1.9
0.78 (0.74, 0.83)
2007
125,963
2,586
2.1
0.92 (0.88, 0.97)
2008
123,320
2,931
2.4
2009
119,316
3,104
2.6
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
196
2.0
1.25 (0.90, 1.73)
500-999 births
52,448
1,023
2.0
1.03 (0.86, 1.22)
1.26 (1.13, 1.40)
1,000-1,999 births
152,888
4,522
3.0
≥2,000 births
401,210
7,787
1.9
1.00 (reference)
Hopsital Perinatal Care Level
0.65 (0.43, 0.98)
Level 0, 1
173,650
4,146
2.4
Level 2
194,190
4,588
2.4
1.15 (0.80, 1.65)
Level 3
248,410
4,794
1.9
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
462,306
9,683
2.1
1.05 (0.91, 1.22)
20-29%
84,754
1,770
2.1
0.98 (0.89, 1.08)
≥30%
69,190
2,075
3.0
1.00 (reference)
OR=odds ratio; CI=confidence interval
aThe number of births across levels of each characteristic may not add to the total due to missing
values.
bGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.
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Table 4.5. The frequency and rate of feeding difficulties during the birth hospitalization, by
socio-demographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsa
616,250

Number
of cases
9,704

Cases
per 100
births
1.6

64,585
470,649
81,016

1,130
7,274
1,300

1.7
1.5
1.6

1.13 (1.05, 1.20)
1.00 (reference)
1.00 (0.94, 1.06)

290,743
122,556
171,387
29,110

4,897
2,115
2,224
425

1.7
1.7
1.3
1.5

1.00 (reference)
1.00 (0.94, 1.06)
0.77 (0.73, 0.82)
0.89 (0.81, 0.99)

429,355
186,895

7,053
2,651

1.6
1.4

1.00 (reference)
0.81 (0.77, 0.86)

348,577
267,673

5,135
4,569

1.5
1.7

1.00 (reference)
1.15 (1.11, 1.20)

256,754
271,367
88,129

4,227
4,149
1,328

1.6
1.5
1.5

1.00 (reference)
0.97 (0.92, 1.01)
1.11 (1.04, 1.18)

261,635
257,874
96,741

4,716
3,272
1,716

1.8
1.3
1.8

1.05 (0.99, 1.11)
0.73 (0.69, 0.77)
1.00 (reference)

107,683
192,348
313,970

1,845
3,057
4,770

1.7
1.6
1.5

1.01 (0.95, 1.07)
1.00 (reference)
0.95 (0.91, 1.00)

285,254
272,404
48,226
10,366

4,296
4,475
815
118

1.5
1.6
1.7
1.1

1.00 (reference)
1.07 (1.03, 1.12)
0.84 (0.77, 0.92)
0.91 (0.74, 1.12)

178,646
298,821
136,504

2,986
4,408
2,283

1.7
1.5
1.7

1.04 (0.99, 1.10)
1.00 (reference)
1.01 (0.96, 1.07)

30,970
313,770
139,186
61,359
37,990
32,975

521
4,907
2,217
986
642
431

1.7
1.6
1.6
1.6
1.7
1.3

1.08 (0.99, 1.19)
1.00 (reference)
1.04 (0.99, 1.09)
1.05 (0.98, 1.13)
1.10 (1.01, 1.19)
1.16 (1.04, 1.30)

47,162
569,088

830
8,874

1.8
1.6

1.11 (1.03, 1.19)
1.00 (reference)

313,881
302,367

5,372
4,332

1.7
1.4

1.20 (1.15, 1.25)
1.00 (reference)
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Crude OR (95% CI)b
N/A

Table 4.5 (Continued)
Number
of birthsa

Number
of cases

Cases
per 100
births

Characteristic
Crude OR (95% CI)b
Infant year of birth
0.69 (0.64, 0.73)
2005
122,827
1,622
1.3
0.72 (0.68, 0.77)
2006
124,824
1,686
1.4
0.81 (0.76, 0.87)
2007
125,963
1,887
1.5
2008
123,320
2,213
1.8
0.95 (0.89, 1.01)
2009
119,316
2,296
1.9
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
119
1.2
1.10 (0.73, 1.65)
500-999 births
52,448
658
1.3
0.90 (0.71, 1.13)
1,000-1,999 births
152,888
2,200
1.4
0.93 (0.80, 1.08)
≥2,000 births
401,210
6,727
1.7
1.00 (reference)
Hopsital Perinatal Care Level
0.51 (0.33, 0.78)
Level 0, 1
173,650
2,104
1.2
Level 2
194,190
2,685
1.4
0.73 (0.48, 1.10)
Level 3
248,410
4,915
2.0
1.00 (reference)
Hospital % Nurse-Midwife Births
1.27 (1.07, 1.51)
<20%
462,306
7,777
1.7
20-29%
84,754
1,137
1.3
1.01 (0.88, 1.16)
≥30%
69,190
790
1.1
1.00 (reference)
OR=odds ratio; CI=confidence interval
aThe number of births across levels of each characteristic may not add to the total due to missing
values.
bGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.
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Table 4.6. Odds ratios (OR) and 95% confidence intervals (CI) representing the association between early elective delivery and any respiratory morbiditya during the birth
hospitalization
Adjusted Modelf
Adjusted Modelg
Unadjusted Modelb
Adjusted Model 1c
Adjusted Model 2d
Adjusted Modele
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
0.79 (0.75, 0.83)*
0.89 (0.84, 0.94)*
0.89 (0.84, 0.94)*
0.83 (0.77, 0.91)*
0.99 (0.92, 1.06)
N/A
EED-CS: Elective CS, 37-38 wks
1.80 (1.74, 1.86)*
1.41 (1.35, 1.46)*
1.40 (1.35, 1.46)*
1.42 (1.30, 1.55)*
2.74 (2.44, 3.08)*
1.22 (1.16, 1.28)*
ESD: Spontaneous, 37-38 wks
0.98 (0.95, 1.01)
1.07 (1.04, 1.10)*
1.07 (1.04, 1.10)*
0.96 (0.92, 1.01)
1.21 (1.16, 1.27)*
1.19 (1.05, 1.36)*
EID: Medically-indicated, 37-38 wks
1.91 (1.82, 2.00)*
1.82 (1.74, 1.91)*
1.82 (1.74, 1.91)*
1.64 (1.53, 1.75)*
2.23 (2.04, 2.44)*
1.84 (1.65, 2.05)*
Maternal age (years)
<20 years
0.96 (0.92, 1.00)*
0.96 (0.92, 1.00)*
0.96 (0.91, 1.00)
1.03 (0.93, 1.13)
0.94 (0.81, 1.09)
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
1.06 (1.02, 1.09)*
1.06 (1.02, 1.09)*
1.19 (1.12, 1.26)*
1.09 (1.04, 1.15)*
0.89 (0.84, 0.95)*
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
0.87 (0.84, 0.90)*
0.87 (0.84, 0.90)*
0.97 (0.92, 1.02)
0.80 (0.75, 0.84)*
0.78 (0.73, 0.84)*
Hispanic
0.85 (0.82, 0.88)*
0.85 (0.82, 0.88)*
0.92 (0.88, 0.97)*
0.80 (0.76, 0.85)*
0.76 (0.70, 0.82)*
Other
0.84 (0.79, 0.89)*
0.84 (0.79, 0.89)*
0.96 (0.89, 1.04)
0.76 (0.69, 0.85)*
0.67 (0.58, 0.76)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.96 (0.93, 0.99)*
0.96 (0.93, 0.99)*
0.98 (0.94, 1.03)
0.99 (0.94, 1.05)
0.86 (0.81, 0.92)*
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
1.02 (0.99, 1.05)
1.02 (0.99, 1.05)
1.03 (0.99, 1.07)
1.06 (1.02, 1.11)*
0.93 (0.88, 0.99)*
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.05 (1.02, 1.07)*
1.05 (1.02, 1.07)*
1.06 (1.02, 1.10)*
1.05 (1.01, 1.10)*
1.03 (0.97, 1.08)
Inadequate/None/Missing
1.14 (1.10, 1.18)*
1.14 (1.10, 1.18)*
1.11 (1.05, 1.17)*
1.15 (1.09, 1.22)*
1.19 (1.10, 1.28)*
Reproductive history
Nulliparous
0.84 (0.81, 0.86)*
0.84 (0.81, 0.86)*
N/A
N/A
N/A
Multiparous, no previous CS
0.57 (0.55, 0.59)*
0.57 (0.55, 0.59)*
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
1.01 (0.97, 1.04)
1.01 (0.97, 1.04)
1.00 (0.95, 1.05)
1.04 (0.99, 1.10)
0.94 (0.87, 1.01)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
0.96 (0.94, 0.99)*
0.96 (0.94, 0.99)*
0.93 (0.90, 0.97)*
0.99 (0.95, 1.04)
0.96 (0.91, 1.02)
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.07 (1.04, 1.10)*
1.07 (1.04, 1.10)*
1.02 (0.98, 1.07)
1.11 (1.06, 1.17)*
1.12 (1.05, 1.19)*
Self-pay
0.95 (0.90, 0.99)*
0.94 (0.90, 0.99)*
0.93 (0.87, 1.00)
0.97 (0.90, 1.05)
0.94 (0.84, 1.04)
Other
1.07 (0.99, 1.15)
1.09 (1.01, 1.18)*
0.98 (0.87, 1.10)
1.21 (1.06, 1.37)*
1.21 (1.00, 1.46)*
Per-capita income
<$20,000
1.02 (0.99, 1.05)
1.02 (0.99, 1.05)
0.98 (0.94, 1.02)
1.03 (0.98, 1.07)
1.10 (1.03, 1.16)*
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
1.00 (0.97, 1.02)
1.00 (0.97, 1.03)
0.98 (0.94, 1.02)
0.97 (0.92, 1.02)
1.07 (1.00, 1.14)*
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Table 4.6 (Continued)
Unadjusted Modelb
Full Sample
OR (95% CI)

Adjusted Model 1c
Full Sample
OR (95% CI)

Adjusted Model 2d
Full Sample
OR (95% CI)

Adjusted Modele
Nulliparous
OR (95% CI)

Adjusted Modelf
Multiparous,
No previous CS
OR (95% CI)

Adjusted Modelg
Multiparous,
Previous CS
OR (95% CI)

Characteristic
Pre-pregnancy body mass index
Underweight
0.95 (0.90, 1.00)*
0.95 (0.90, 1.00)*
0.96 (0.90, 1.03)
0.95 (0.87, 1.04)
0.92 (0.80, 1.05)
Normal
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Overweight
1.10 (1.07, 1.13)*
1.10 (1.07, 1.13)*
1.16 (1.11, 1.21)*
1.08 (1.03, 1.13)*
1.01 (0.95, 1.07)
Obese-I
1.15 (1.11, 1.19)*
1.15 (1.11, 1.19)*
1.23 (1.16, 1.30)*
1.11 (1.05, 1.18)*
1.05 (0.98, 1.13)
Obese-II, III
1.22 (1.17, 1.27)*
1.22 (1.17, 1.27)*
1.33 (1.24, 1.43)*
1.19 (1.11, 1.28)*
1.08 (1.00, 1.17)
Missing
1.18 (1.12, 1.24)*
1.18 (1.12, 1.25)*
1.15 (1.06, 1.25)*
1.24 (1.13, 1.36)*
1.12 (1.00, 1.25)*
Maternal tobacco use
Yes
0.99 (0.95, 1.03)
0.98 (0.94, 1.02)
0.97 (0.91, 1.03)
0.99 (0.93, 1.06)
0.98 (0.90, 1.07)
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.36 (1.33, 1.39)*
1.36 (1.33, 1.39)*
1.29 (1.25, 1.33)*
1.37 (1.32, 1.43)*
1.48 (1.41, 1.55)*
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
1.05 (1.01, 1.08)*
1.06 (1.03, 1.10)*
1.05 (1.00, 1.11)*
1.02 (0.96, 1.08)
1.17 (1.08, 1.26)*
2006
1.02 (0.99, 1.06)
1.06 (1.02, 1.09)*
1.05 (1.00, 1.11)
1.00 (0.94, 1.06)
1.16 (1.07, 1.25)*
2007
1.08 (1.04, 1.11)*
1.09 (1.05, 1.13)*
1.06 (1.01, 1.12)*
1.06 (1.00, 1.12)
1.21 (1.12, 1.30)*
2008
1.03 (0.99, 1.06)
1.05 (1.01, 1.08)*
1.02 (0.97, 1.07)
1.05 (0.99, 1.12)
1.11 (1.03, 1.19)*
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.26 (0.99, 1.61)
1.06 (0.76, 1.47)
1.38 (0.97, 1.97)
1.52 (1.02, 2.25)*
500-999 births
1.28 (1.13, 1.45)*
1.27 (1.07, 1.51)*
1.28 (1.05, 1.54)*
1.14 (0.90, 1.44)
1,000-1,999 births
1.36 (1.27, 1.45)*
1.36 (1.24, 1.49)*
1.33 (1.19, 1.48)*
1.34 (1.17, 1.54)*
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.82 (0.65, 1.05)
0.84 (0.61, 1.15)
0.70 (0.49, 1.02)
0.70 (0.47, 1.04)
Level 2
0.93 (0.74, 1.18)
0.90 (0.66, 1.23)
0.90 (0.63, 1.30)
0.81 (0.56, 1.17)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
0.88 (0.81, 0.96)*
0.89 (0.79, 1.01)
0.86 (0.75, 0.99)*
0.73 (0.62, 0.87)*
20-29%
0.92 (0.87, 0.98)*
0.95 (0.88, 1.04)
0.91 (0.83, 1.00)
0.83 (0.73, 0.94)*
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported odds ratio is statistically significantly different from 1.
a
A composite indicator including the need for ventilation support, and a diagnosis of respiratory distress syndrome, transient tachypnea of the newborn, or other respiratory
complications including: 770.0 (congenital pneumonia), 770.10-17 (fetal and newborn aspiration), 770.2 (interstitial emphysema and related conditions), 770.3 (pulmonary
hemorrhage), 770.4 (primary atelectasis), 770.5 (other/unspecified atelectasis), 770.7 (chronic respiratory disease), 770.81-82 (primary or other apnea), 770.83 (cyanotic attacks),
770.84 (respiratory failure), 770.85-86 (aspiration of postnatal stomach contents), 770.87 (respiratory arrest), 770.88 (hypoxemia), 770.89 (other respiratory problems after birth),
and 770.9 (unspecified respiratory condition of fetus and newborn).
b
Generalized linear mixed model with a binary distribution and logit link.
c
Crude model + adjusted for maternal and infant-level characteristics.
d
Adjusted model 1 + adjusted for hospital-level characteristics.
e
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for nulliparous women only
f
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for multiparous women without a prior Cesarean section only
g
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for women with a prior Cesarean section only
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Table 4.7. Odds ratios (OR) and 95% confidence intervals (CI) representing the association between early elective delivery and neonatal intensive care unit (NICU) admissions during
the birth hospitalization
Adjusted Modele
Adjusted Modelf
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
Adjusted Modeld
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
0.76 (0.70, 0.82)*
0.85 (0.78, 0.91)*
0.85 (0.78, 0.92)*
0.67 (0.59, 0.76)*
1.06 (0.96, 1.17)
N/A
EED-CS: Elective CS, 37-38 wks
1.47 (1.40, 1.54)*
1.34 (1.26, 1.41)*
1.34 (1.26, 1.42)*
1.14 (1.01, 1.29)*
2.36 (2.00, 2.79)*
1.30 (1.21, 1.39)*
ESD: Spontaneous, 37-38 wks
1.16 (1.11, 1.20)*
1.24 (1.19, 1.29)*
1.24 (1.19, 1.29)*
1.13 (1.07, 1.20)*
1.38 (1.30, 1.47)*
1.53 (1.28, 1.83)*
EID: Medically-indicated, 37-38 wks
2.46 (2.32, 2.61)*
2.38 (2.24, 2.53)*
2.38 (2.24, 2.52)*
2.00 (1.83, 2.17)*
3.03 (2.71, 3.39)*
2.84 (2.48, 3.24)*
Maternal age (years)
<20 years
0.94 (0.89, 0.99)*
0.94 (0.89, 0.99)*
0.92 (0.87, 0.98)*
1.04 (0.91, 1.18)
1.09 (0.89, 1.33)
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
1.03 (0.99, 1.08)
1.03 (0.99, 1.08)
1.04 (0.96, 1.13)
1.12 (1.04, 1.20)*
0.92 (0.85, 1.01)
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
0.90 (0.86, 0.94)*
0.90 (0.86, 0.94)*
0.98 (0.91, 1.04)
0.85 (0.78, 0.92)*
0.80 (0.72, 0.88)*
Hispanic
0.85 (0.81, 0.89)*
0.85 (0.81, 0.89)*
0.94 (0.88, 1.00)
0.78 (0.72, 0.85)*
0.74 (0.67, 0.83)*
Other
0.94 (0.87, 1.01)
0.93 (0.86, 1.01)
1.01 (0.91, 1.12)
0.96 (0.83, 1.10)
0.67 (0.55, 0.82)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.95 (0.91, 0.99)*
0.95 (0.91, 0.99)*
0.99 (0.93, 1.05)
0.95 (0.88, 1.02)
0.87 (0.79, 0.96)*
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
1.06 (1.02, 1.10)*
1.06 (1.02, 1.10)*
1.07 (1.02, 1.13)*
1.11 (1.04, 1.18)*
0.97 (0.89, 1.05)
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.06 (1.02, 1.10)*
1.06 (1.02, 1.10)*
1.07 (1.02, 1.12)*
1.08 (1.01, 1.15)*
1.03 (0.95, 1.12)
Inadequate/None/Missing
1.21 (1.15, 1.26)*
1.21 (1.15, 1.27)*
1.20 (1.12, 1.29)*
1.26 (1.16, 1.37)*
1.13 (1.01, 1.25)*
Reproductive history
Nulliparous
1.06 (1.02, 1.11)*
1.06 (1.02, 1.11)*
N/A
N/A
N/A
Multiparous, no previous CS
0.67 (0.63, 0.70)*
0.67 (0.63, 0.70)*
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
1.04 (0.99, 1.08)
1.04 (0.99, 1.08)
1.04 (0.98, 1.11)
1.07 (1.00, 1.15)
0.95 (0.86, 1.06)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
0.93 (0.90, 0.97)*
0.93 (0.90, 0.97)*
0.92 (0.87, 0.97)*
0.93 (0.87, 0.99)*
0.95 (0.87, 1.03)
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.07 (1.03, 1.11)*
1.07 (1.03, 1.11)*
1.02 (0.97, 1.08)
1.10 (1.03, 1.18)*
1.14 (1.04, 1.24)*
Self-pay
1.00 (0.94, 1.07)
1.01 (0.95, 1.07)
0.99 (0.90, 1.08)
1.03 (0.92, 1.15)
1.04 (0.90, 1.20)
Other
1.08 (0.96, 1.21)
1.11 (0.99, 1.25)
1.13 (0.96, 1.33)
1.14 (0.94, 1.40)
1.00 (0.74, 1.34)
Per-capita income
<$20,000
1.02 (0.98, 1.06)
1.02 (0.99, 1.06)
0.99 (0.93, 1.04)
1.06 (1.00, 1.14)
1.05 (0.97, 1.15)
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
0.97 (0.93, 1.01)
0.97 (0.93, 1.01)
0.96 (0.91, 1.02)
0.94 (0.87, 1.02)
1.01 (0.92, 1.11)
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Table 4.7 (Continued)
Unadjusted Modelb
Full Sample
OR (95% CI)

Adjusted Model 1c
Full Sample
OR (95% CI)

Adjusted Model 2d
Full Sample
OR (95% CI)

Adjusted Modele
Nulliparous
OR (95% CI)

Adjusted Modelf
Multiparous,
No previous CS
OR (95% CI)

Adjusted Modelg
Multiparous,
Previous CS
OR (95% CI)

Characteristic
Pre-pregnancy body mass index
Underweight
0.96 (0.89, 1.03)
0.96 (0.89, 1.03)
0.92 (0.84, 1.00)
1.09 (0.96, 1.24)
0.85 (0.69, 1.05)
Normal
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Overweight
1.04 (1.01, 1.08)*
1.04 (1.01, 1.08)*
1.06 (1.00, 1.12)*
1.08 (1.01, 1.15)*
0.98 (0.90, 1.07)
Obese-I
1.12 (1.06, 1.17)*
1.12 (1.06, 1.17)*
1.11 (1.02, 1.19)*
1.16 (1.07, 1.26)*
1.09 (0.99, 1.21)
Obese-II, III
1.25 (1.18, 1.32)*
1.25 (1.18, 1.32)*
1.22 (1.11, 1.34)*
1.38 (1.25, 1.53)*
1.13 (1.01, 1.27)*
Missing
1.16 (1.08, 1.24)*
1.15 (1.07, 1.24)*
1.00 (0.90, 1.12)
1.30 (1.14, 1.47)*
1.26 (1.08, 1.47)*
Maternal tobacco use
Yes
1.01 (0.95, 1.07)
1.01 (0.95, 1.07)
0.94 (0.85, 1.03)
1.05 (0.95, 1.15)
1.04 (0.92, 1.19)
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.29 (1.25, 1.33)*
1.29 (1.25, 1.33)*
1.23 (1.18, 1.29)*
1.27 (1.20, 1.34)*
1.47 (1.37, 1.57)*
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
0.70 (0.66, 0.73)*
0.71 (0.68, 0.75)*
0.74 (0.69, 0.80)*
0.64 (0.58, 0.69)*
0.75 (0.67, 0.85)*
2006
0.92 (0.88, 0.97)*
0.94 (0.90, 0.98)*
0.93 (0.87, 1.00)*
0.89 (0.82, 0.96)*
1.04 (0.94, 1.16)
2007
1.04 (0.99, 1.08)
1.06 (1.01, 1.11)*
1.01 (0.95, 1.08)
1.00 (0.92, 1.08)
1.29 (1.17, 1.43)*
2008
1.03 (0.98, 1.07)
1.03 (0.99, 1.08)
1.02 (0.95, 1.08)
1.01 (0.93, 1.09)
1.13 (1.02, 1.25)*
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.10 (0.79, 1.55)
1.00 (0.64, 1.57)
1.35 (0.87, 2.10)
1.21 (0.69, 2.12)
500-999 births
1.11 (0.93, 1.33)
1.17 (0.91, 1.49)
1.17 (0.90, 1.52)
1.13 (0.81, 1.56)
1,000-1,999 births
1.04 (0.95, 1.15)
1.03 (0.91, 1.18)
1.13 (0.96, 1.33)
0.99 (0.81, 1.21)
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.35 (0.24, 0.50)*
0.30 (0.19, 0.47)*
0.39 (0.24, 0.62)*
0.37 (0.22, 0.62)*
Level 2
0.83 (0.62, 1.11)
0.82 (0.56, 1.19)
0.86 (0.56, 1.30)
0.82 (0.53, 1.27)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
1.23 (1.08, 1.39)*
1.27 (1.07, 1.51)*
1.21 (0.99, 1.48)
1.02 (0.79, 1.30)
20-29%
1.16 (1.06, 1.26)*
1.13 (0.99, 1.28)
1.19 (1.02, 1.38)*
1.18 (0.97, 1.42)
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported odds ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a binary distribution and logit link.
b
Crude model + adjusted for maternal and infant-level characteristics.
c
Adjusted model 1 + adjusted for hospital-level characteristics.
d
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for nulliparous women only
e
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for multiparous women without a prior Cesarean section only
f
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for women with a prior Cesarean section only
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Table 4.8. Odds ratios (OR) and 95% confidence intervals (CI) representing the association between early elective delivery and neonatal sepsis during the birth hospitalization
Adjusted Modele
Adjusted Modelf
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
Adjusted Modeld
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
0.70 (0.64, 0.77)*
0.78 (0.71, 0.86)*
0.78 (0.71, 0.86)*
0.69 (0.60, 0.79)*
0.91 (0.80, 1.04)
N/A
EED-CS: Elective CS, 37-38 wks
0.98 (0.92, 1.05)
1.09 (1.01, 1.18)*
1.09 (1.01, 1.18)*
0.61 (0.51, 0.72)*
1.71 (1.37, 2.13)*
1.29 (1.16, 1.42)*
ESD: Spontaneous, 37-38 wks
1.18 (1.12, 1.23)*
1.25 (1.19, 1.31)*
1.25 (1.19, 1.31)*
1.12 (1.05, 1.19)*
1.42 (1.32, 1.53)*
1.54 (1.20, 1.98)*
EID: Medically-indicated, 37-38 wks
2.02 (1.88, 2.18)*
1.99 (1.85, 2.14)*
1.99 (1.85, 2.15)*
1.70 (1.54, 1.88)*
2.71 (2.35, 3.13)*
2.26 (1.89, 2.71)*
Maternal age (years)
<20 years
0.99 (0.93, 1.05)
0.99 (0.93, 1.05)
0.98 (0.91, 1.05)
1.19 (1.02, 1.39)*
1.05 (0.80, 1.37)
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
0.99 (0.93, 1.05)
0.99 (0.93, 1.05)
0.97 (0.88, 1.07)
1.09 (1.00, 1.19)
0.89 (0.79, 1.00)
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
0.91 (0.86, 0.96)*
0.91 (0.86, 0.96)*
0.93 (0.86, 1.00)
0.92 (0.83, 1.01)
0.82 (0.71, 0.94)*
Hispanic
0.90 (0.85, 0.96)*
0.90 (0.85, 0.95)*
0.99 (0.92, 1.06)
0.85 (0.76, 0.94)*
0.75 (0.65, 0.87)*
Other
0.97 (0.88, 1.06)
0.97 (0.88, 1.06)
1.05 (0.93, 1.18)
0.89 (0.74, 1.07)
0.73 (0.55, 0.98)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.99 (0.94, 1.04)
0.98 (0.94, 1.03)
1.06 (0.99, 1.13)
0.96 (0.88, 1.05)
0.84 (0.74, 0.95)*
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
1.09 (1.04, 1.13)*
1.08 (1.04, 1.13)*
1.09 (1.03, 1.16)*
1.10 (1.02, 1.19)*
1.02 (0.91, 1.15)
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.07 (1.03, 1.12)*
1.08 (1.03, 1.12)*
1.05 (1.00, 1.11)
1.08 (1.00, 1.17)
1.15 (1.03, 1.29)*
Inadequate/None/Missing
1.26 (1.19, 1.33)*
1.27 (1.20, 1.34)*
1.17 (1.09, 1.27)*
1.35 (1.23, 1.49)*
1.38 (1.20, 1.59)*
Reproductive history
Nulliparous
1.50 (1.41, 1.60)*
1.50 (1.41, 1.59)*
N/A
N/A
N/A
Multiparous, no previous CS
0.82 (0.77, 0.88)*
0.82 (0.77, 0.88)*
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
1.00 (0.95, 1.06)
1.00 (0.95, 1.06)
0.99 (0.92, 1.06)
1.07 (0.97, 1.17)
0.93 (0.80, 1.08)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
0.94 (0.90, 0.98)*
0.94 (0.90, 0.98)*
0.91 (0.86, 0.97)*
0.97 (0.90, 1.06)
0.96 (0.85, 1.07)
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.06 (1.01, 1.11)*
1.06 (1.01, 1.11)*
1.03 (0.97, 1.10)
1.11 (1.02, 1.21)*
1.08 (0.96, 1.22)
Self-pay
0.98 (0.91, 1.06)
0.98 (0.91, 1.06)
0.96 (0.86, 1.08)
0.96 (0.83, 1.11)
1.13 (0.92, 1.40)
Other
0.97 (0.85, 1.11)
1.00 (0.87, 1.14)
1.02 (0.85, 1.22)
1.01 (0.79, 1.29)
0.85 (0.58, 1.25)
Per-capita income
<$20,000
1.02 (0.98, 1.07)
1.03 (0.98, 1.07)
1.02 (0.96, 1.08)
1.02 (0.94, 1.10)
1.10 (0.98, 1.24)
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
0.98 (0.93, 1.03)
0.98 (0.93, 1.03)
1.00 (0.94, 1.07)
0.92 (0.84, 1.02)
0.98 (0.86, 1.12)
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Table 4.8 (Continued)
Unadjusted Modelb
Full Sample
OR (95% CI)

Adjusted Model 1c
Full Sample
OR (95% CI)

Adjusted Model 2d
Full Sample
OR (95% CI)

Adjusted Modele
Nulliparous
OR (95% CI)

Adjusted Modelf
Multiparous,
No previous CS
OR (95% CI)

Characteristic
Pre-pregnancy body mass index
Underweight
0.98 (0.91, 1.06)
0.98 (0.91, 1.06)
0.92 (0.83, 1.02)
1.18 (1.02, 1.37)*
Normal
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Overweight
1.08 (1.03, 1.12)*
1.08 (1.03, 1.12)*
1.10 (1.04, 1.17)*
1.08 (1.00, 1.17)
Obese-I
1.15 (1.08, 1.22)*
1.15 (1.08, 1.22)*
1.13 (1.03, 1.23)*
1.23 (1.11, 1.36)*
Obese-II, III
1.24 (1.15, 1.33)*
1.24 (1.15, 1.33)*
1.30 (1.17, 1.44)*
1.44 (1.27, 1.62)*
Missing
1.07 (0.98, 1.17)
1.07 (0.97, 1.17)
0.99 (0.87, 1.12)
1.10 (0.93, 1.29)
Maternal tobacco use
Yes
0.97 (0.90, 1.04)
0.96 (0.90, 1.04)
0.89 (0.80, 0.99)*
1.01 (0.90, 1.14)
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.24 (1.20, 1.29)*
1.24 (1.20, 1.29)*
1.18 (1.13, 1.24)*
1.25 (1.18, 1.34)*
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
0.81 (0.76, 0.85)*
0.82 (0.77, 0.87)*
0.82 (0.76, 0.89)*
0.76 (0.69, 0.84)*
2006
0.77 (0.73, 0.82)*
0.78 (0.74, 0.83)*
0.79 (0.74, 0.86)*
0.72 (0.65, 0.79)*
2007
0.79 (0.75, 0.84)*
0.79 (0.75, 0.84)*
0.79 (0.73, 0.85)*
0.77 (0.70, 0.85)*
2008
0.93 (0.88, 0.98)*
0.92 (0.87, 0.97)*
0.96 (0.89, 1.03)
0.87 (0.79, 0.96)*
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.02 (0.73, 1.43)
0.90 (0.59, 1.39)
1.45 (0.88, 2.40)
500-999 births
0.88 (0.74, 1.06)
0.94 (0.74, 1.18)
1.03 (0.77, 1.38)
1,000-1,999 births
1.09 (0.97, 1.21)
1.12 (0.97, 1.30)
1.30 (1.08, 1.57)*
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.85 (0.56, 1.28)
0.90 (0.55, 1.46)
0.83 (0.46, 1.49)
Level 2
1.35 (0.95, 1.93)
1.28 (0.83, 1.97)
1.20 (0.68, 2.11)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
1.02 (0.88, 1.18)
0.99 (0.81, 1.20)
1.05 (0.82, 1.34)
20-29%
1.01 (0.91, 1.11)
0.97 (0.85, 1.11)
1.00 (0.85, 1.18)
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported odds ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a binary distribution and logit link.
b
Crude model + adjusted for maternal and infant-level characteristics.
c
Adjusted model 1 + adjusted for hospital-level characteristics.
d
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for nulliparous women only
e
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for multiparous women without a prior Cesarean section
f
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for women with a prior Cesarean section only
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Adjusted Modelg
Multiparous,
Previous CS
OR (95% CI)
0.90 (0.68, 1.20)
1.00 (reference)
0.99 (0.88, 1.11)
1.05 (0.92, 1.21)
0.87 (0.74, 1.03)
1.22 (0.99, 1.51)
1.04 (0.87, 1.25)
1.00 (reference)
1.50 (1.36, 1.64)*
1.00 (reference)
0.92 (0.79, 1.07)
0.88 (0.76, 1.02)
0.83 (0.72, 0.96)*
0.91 (0.79, 1.05)
1.00 (reference)
1.04 (0.52, 2.08)
0.82 (0.55, 1.22)
1.04 (0.81, 1.34)
1.00 (reference)
1.24 (0.61, 2.53)
1.59 (0.86, 2.96)
1.00 (reference)
1.14 (0.80, 1.61)
1.08 (0.84, 1.40)
1.00 (reference)

only

Table 4.9. Odds ratios (OR) and 95% confidence intervals (CI) representing the association between early elective delivery and feeding difficulty during the birth hospitalization
Adjusted Modele
Adjusted Modelf
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
Adjusted Modeld
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
0.91 (0.83, 1.01)
0.99 (0.89, 1.09)
0.99 (0.89, 1.09)
0.89 (0.76, 1.05)
1.12 (0.97, 1.28)
N/A
EED-CS: Elective CS, 37-38 wks
1.28 (1.19, 1.38)*
1.24 (1.14, 1.35)*
1.24 (1.14, 1.35)*
1.19 (1.00, 1.42)*
1.85 (1.44, 2.39)*
1.18 (1.06, 1.32)*
ESD: Spontaneous, 37-38 wks
1.17 (1.10, 1.23)*
1.22 (1.15, 1.29)*
1.22 (1.15, 1.29)*
1.16 (1.07, 1.26)*
1.31 (1.20, 1.42)*
1.27 (0.97, 1.67)
EID: Medically-indicated, 37-38 wks
2.10 (1.93, 2.29)*
2.03 (1.86, 2.21)*
2.02 (1.85, 2.21)*
1.64 (1.44, 1.87)*
2.72 (2.33, 3.18)*
2.28 (1.87, 2.77)*
Maternal age (years)
<20 years
0.91 (0.84, 0.98)*
0.91 (0.85, 0.98)*
0.92 (0.84, 1.01)
0.97 (0.80, 1.16)
1.23 (0.94, 1.62)
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
1.07 (1.00, 1.14)*
1.07 (1.00, 1.14)
1.17 (1.05, 1.30)*
1.06 (0.96, 1.18)
0.96 (0.85, 1.09)
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
0.95 (0.89, 1.01)
0.95 (0.89, 1.01)
1.07 (0.97, 1.17)
0.85 (0.77, 0.95)*
0.84 (0.72, 0.98)*
Hispanic
0.79 (0.74, 0.84)*
0.79 (0.74, 0.84)*
0.84 (0.76, 0.92)*
0.76 (0.68, 0.86)*
0.70 (0.60, 0.83)*
Other
0.94 (0.84, 1.04)
0.94 (0.84, 1.04)
1.04 (0.90, 1.20)
0.87 (0.71, 1.06)
0.71 (0.52, 0.95)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.92 (0.86, 0.98)*
0.92 (0.86, 0.97)*
0.97 (0.89, 1.06)
0.88 (0.79, 0.98)*
0.87 (0.75, 1.00)
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
1.08 (1.02, 1.13)*
1.08 (1.02, 1.13)*
1.06 (0.98, 1.14)
1.13 (1.04, 1.24)*
1.02 (0.90, 1.16)
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.01 (0.97, 1.06)
1.02 (0.97, 1.07)
1.05 (0.98, 1.12)
0.99 (0.91, 1.07)
0.99 (0.88, 1.12)
Inadequate/None/Missing
1.15 (1.07, 1.23)*
1.15 (1.07, 1.23)*
1.11 (1.00, 1.24)
1.13 (1.01, 1.26)*
1.18 (1.00, 1.39)*
Reproductive history
Nulliparous
1.14 (1.06, 1.22)*
1.14 (1.06, 1.21)*
N/A
N/A
N/A
Multiparous, no previous CS
0.78 (0.73, 0.84)*
0.78 (0.73, 0.84)*
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
1.06 (0.99, 1.12)
1.06 (0.99, 1.13)
1.06 (0.96, 1.17)
1.07 (0.96, 1.18)
1.01 (0.87, 1.18)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
0.95 (0.90, 1.00)*
0.95 (0.90, 1.00)*
0.97 (0.90, 1.05)
0.94 (0.86, 1.03)
0.89 (0.79, 1.01)
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.02 (0.97, 1.08)
1.02 (0.97, 1.08)
0.95 (0.88, 1.03)
1.10 (1.00, 1.21)
1.12 (0.98, 1.29)
Self-pay
0.91 (0.83, 1.00)*
0.91 (0.83, 1.00)*
0.89 (0.77, 1.02)
0.89 (0.76, 1.03)
1.13 (0.91, 1.40)
Other
0.94 (0.77, 1.16)
0.94 (0.77, 1.16)
0.95 (0.71, 1.26)
1.11 (0.79, 1.56)
0.60 (0.32, 1.13)
Per-capita income
<$20,000
1.03 (0.97, 1.09)
1.03 (0.97, 1.09)
1.03 (0.95, 1.11)
1.06 (0.97, 1.16)
0.99 (0.87, 1.12)
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
1.02 (0.96, 1.08)
1.02 (0.96, 1.08)
1.03 (0.95, 1.11)
1.01 (0.91, 1.12)
1.02 (0.89, 1.16)
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Table 4.9 (Continued)
Unadjusted Modelb
Full Sample
OR (95% CI)

Adjusted Model 1c
Full Sample
OR (95% CI)

Adjusted Model 2d
Full Sample
OR (95% CI)

Adjusted Modele
Nulliparous
OR (95% CI)

Adjusted Modelf
Multiparous,
No previous CS
OR (95% CI)

Adjusted Modelg
Multiparous,
Previous CS
OR (95% CI)

Characteristic
Pre-pregnancy body mass index
Underweight
1.05 (0.95, 1.15)
1.05 (0.95, 1.15)
1.00 (0.88, 1.13)
1.19 (1.01, 1.39)*
0.94 (0.70, 1.27)
Normal
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Overweight
1.05 (1.00, 1.11)
1.05 (1.00, 1.11)
1.09 (1.01, 1.18)*
1.06 (0.97, 1.16)
0.94 (0.83, 1.06)
Obese-I
1.05 (0.98, 1.13)
1.05 (0.98, 1.13)
1.05 (0.94, 1.18)
1.02 (0.90, 1.15)
1.08 (0.93, 1.25)
Obese-II, III
1.07 (0.98, 1.16)
1.07 (0.98, 1.16)
1.13 (0.99, 1.30)
1.14 (0.99, 1.32)
0.89 (0.75, 1.06)
Missing
1.19 (1.06, 1.33)*
1.18 (1.06, 1.32)*
1.09 (0.92, 1.29)
1.31 (1.09, 1.57)*
1.14 (0.89, 1.47)
Maternal tobacco use
Yes
1.02 (0.94, 1.11)
1.02 (0.94, 1.11)
1.04 (0.92, 1.18)
1.04 (0.92, 1.18)
0.88 (0.73, 1.07)
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.19 (1.14, 1.24)*
1.19 (1.14, 1.24)*
1.16 (1.09, 1.23)*
1.17 (1.09, 1.26)*
1.33 (1.21, 1.47)*
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
0.70 (0.65, 0.74)*
0.70 (0.65, 0.75)*
0.67 (0.61, 0.74)*
0.70 (0.62, 0.78)*
0.81 (0.69, 0.95)*
2006
0.73 (0.68, 0.78)*
0.73 (0.68, 0.78)*
0.68 (0.62, 0.75)*
0.76 (0.68, 0.86)*
0.82 (0.70, 0.97)*
2007
0.82 (0.77, 0.87)*
0.83 (0.78, 0.88)*
0.75 (0.69, 0.83)*
0.87 (0.78, 0.97)*
0.99 (0.85, 1.14)
2008
0.95 (0.90, 1.01)
0.95 (0.90, 1.01)
0.91 (0.84, 0.99)*
0.98 (0.88, 1.09)
1.06 (0.92, 1.22)
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.07 (0.70, 1.64)
1.14 (0.66, 1.98)
1.24 (0.70, 2.18)
0.61 (0.27, 1.38)
500-999 births
0.93 (0.73, 1.19)
1.04 (0.75, 1.45)
0.98 (0.69, 1.41)
0.86 (0.55, 1.37)
1,000-1,999 births
0.88 (0.75, 1.03)
0.95 (0.78, 1.17)
0.86 (0.67, 1.11)
0.90 (0.66, 1.23)
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.64 (0.40, 1.02)
0.55 (0.31, 0.96)*
0.73 (0.39, 1.35)
0.66 (0.33, 1.31)
Level 2
0.81 (0.53, 1.22)
0.77 (0.47, 1.28)
0.78 (0.44, 1.39)
0.84 (0.47, 1.51)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
1.19 (1.00, 1.43)
1.28 (1.00, 1.64)
1.16 (0.89, 1.51)
1.04 (0.72, 1.50)
20-29%
1.01 (0.88, 1.17)
1.11 (0.90, 1.37)
0.91 (0.73, 1.15)
1.00 (0.72, 1.40)
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported odds ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a binary distribution and logit link.
b
Crude model + adjusted for maternal and infant-level characteristics.
c
Adjusted model 1 + adjusted for hospital-level characteristics.
d
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for nulliparous women only
e
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for multiparous women without a prior Cesarean section only
f
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for women with a prior Cesarean section only
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Figure 4.9. Adjusted odds ratios for early elective delivery and any respiratory morbidity during
the birth hospitalization
EED-I = elective induction at 37-38 weeks; EED-CS = elective Cesarean section at 37-38
weeks; ESD = spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 3738 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.
“Any respiratory morbidity” is a composite indicator including the need for ventilation support
and that includes a diagnosis of respiratory distress syndrome, transient tachypnea of the
newborn, or other respiratory complications including congenital pneumonia, fetal and newborn
aspiration, interstitial emphysema and related conditions, pulmonary hemorrhage, primary
atelectasis, other/unspecified atelectasis, chronic respiratory disease, primary or other apnea,
cyanotic attacks, respiratory failure, aspiration of postnatal stomach contents, respiratory arrest,
hypoxemia, other respiratory problems after birth, and unspecified respiratory condition of fetus
and newborn.
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Figure 4.10. Adjusted odds ratios for early elective delivery and neonatal intensive care unit
(NICU) admissions during the birth hospitalization
EED-I = elective induction at 37-38 weeks; EED-CS = elective Cesarean section at 37-38
weeks; ESD = spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 3738 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.
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Figure 4.11. Adjusted odds ratios for early elective delivery and neonatal sepsis during the birth
hospitalization
EED-I = elective induction at 37-38 weeks; EED-CS = elective Cesarean section at 37-38
weeks; ESD = spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 3738 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.
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Figure 4.12. Adjusted odds ratios for early elective delivery and feeding difficulty during the birth
hospitalization
EED-I = elective induction at 37-38 weeks; EED-CS = elective Cesarean section at 37-38
weeks; ESD = spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 3738 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.
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Table 4.10. Rate ratios (RR), adjusted means, and 95% confidence intervals (CI) representing the association between early
elective delivery and length of stay during the infant’s birth hospitalization
Adjusted Mean
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
LOSd
Characteristic
RR (95% CI)
RR (95% CI)
RR (95% CI)
Mean (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
2.48 (2.42, 2.53)
EED-I: Elective induction, 37-38 wks
0.92 (0.91, 0.92)*
0.96 (0.95, 0.97)*
0.96 (0.95, 0.97)*
2.37 (2.32, 2.43)
EED-CS: Elective CS, 37-38 wks
1.19 (1.19, 1.20)*
1.09 (1.08, 1.10)*
1.09 (1.08, 1.10)*
2.70 (2.64, 2.76)
ESD: Spontaneous, 37-38 wks
0.98 (0.98, 0.98)*
1.00 (1.00, 1.01)
1.00 (1.00, 1.01)
2.49 (2.43, 2.54)
EID: Medically-indicated, 37-38 wks
1.26 (1.25, 1.27)*
1.23 (1.22, 1.24)*
1.23 (1.22, 1.24)*
3.05 (2.98, 3.12)
Maternal age (years)
<20 years
0.98 (0.98, 0.99)*
0.98 (0.98, 0.99)*
20-34 years
1.00 (reference)
1.00 (reference)
≥35 years
1.04 (1.04, 1.05)*
1.04 (1.04, 1.05)*
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
Non-Hispanic black
1.04 (1.03, 1.04)*
1.04 (1.03, 1.04)*
Hispanic
1.00 (1.00, 1.01)
1.00 (1.00, 1.01)
Other
1.02 (1.02, 1.03)*
1.02 (1.02, 1.03)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
Foreign-born
1.00 (1.00, 1.00)
1.00 (1.00, 1.00)
Marital status
Married
1.00 (reference)
1.00 (reference)
Unmarried
1.02 (1.01, 1.02)*
1.02 (1.01, 1.02)*
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
Intermediate
1.01 (1.00, 1.01)*
1.01 (1.00, 1.01)*
Inadequate/None/Missing
1.04 (1.03, 1.04)*
1.04 (1.03, 1.04)*
Reproductive history
Nulliparous
0.94 (0.94, 0.95)*
0.94 (0.94, 0.95)*
Multiparous, no previous CS
0.82 (0.81, 0.82)*
0.82 (0.81, 0.82)*
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
Maternal education
Less than high school
1.01 (1.01, 1.02)*
1.01 (1.01, 1.02)*
High school diploma/GED
1.00 (reference)
1.00 (reference)
More than high school
0.99 (0.99, 1.00)*
0.99 (0.99, 1.00)*
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
Medicaid
1.01 (1.01, 1.02)*
1.01 (1.01, 1.02)*
Self-pay
0.98 (0.97, 0.99)*
0.98 (0.97, 0.99)*
Other
1.01 (1.00, 1.02)
1.01 (1.00, 1.02)
Per-capita income
<$20,000
1.01 (1.01, 1.01)*
1.01 (1.01, 1.01)*
$20,000-$29,999
1.00 (reference)
1.00 (reference)
≥$30,000
0.99 (0.99, 1.00)*
0.99 (0.99, 1.00)*
Pre-pregnancy body mass index
Underweight
0.99 (0.99, 1.00)
0.99 (0.99, 1.00)
Normal
1.00 (reference)
1.00 (reference)
Overweight
1.02 (1.02, 1.03)*
1.02 (1.02, 1.03)*
Obese-I
1.05 (1.04, 1.05)*
1.05 (1.04, 1.05)*
Obese-II, III
1.08 (1.07, 1.09)*
1.08 (1.07, 1.09)*
Missing
1.04 (1.03, 1.05)*
1.04 (1.03, 1.05)*
Maternal tobacco use
Yes
1.00 (0.99, 1.00)
1.00 (0.99, 1.00)
No
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.05 (1.04, 1.05)*
1.05 (1.04, 1.05)*
Female
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
1.01 (1.00, 1.01)
1.00 (1.00, 1.01)
2006
1.00 (0.99, 1.00)
1.00 (0.99, 1.00)
2007
0.99 (0.99, 1.00)*
0.99 (0.99, 1.00)*
2008
1.00 (0.99, 1.00)
0.99 (0.99, 1.00)*
2009
1.00 (reference)
1.00 (reference)
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Table 4.10 (Continued)
Unadjusted Modela
RR (95% CI)

Adjusted Model 1b
RR (95% CI)

Adjusted Model 2c
RR (95% CI)

Adjusted Mean
LOSd
Mean (95% CI)

Characteristic
Hospital annual birth volume
100-499 births
1.01 (0.98, 1.05)
500-999 births
0.98 (0.96, 1.00)
1,000-1,999 births
0.99 (0.98, 1.00)
≥2,000 births
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.96 (0.92, 1.00)
Level 2
1.02 (0.98, 1.05)
Level 3
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
0.99 (0.98, 1.00)
20-29%
0.98 (0.97, 0.99)*
≥30%
1.00 (reference)
CS=Cesarean section
*Reported rate ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a Poisson distribution and log link; dependent variable is the length of stay during the
infant’s birth hospitalization.
b
Crude model + adjusted for maternal and infant-level characteristics.
c
Adjusted model 1 + adjusted for hospital-level characteristics.
d
Adjusted means were generated for exposure categories using adjusted model 2.
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Table 4.11. Infant hospitalizations in the first year of life, by exposure categories

Characteristic
Overall
Number of hospital days at birth
1 day
2 days
3 days
4 days
≥5 days
Infant discharged after mother at
birth
Number of re-hospitalizations in the
1st 2 weeks following discharge
0
1
≥2
Long birth hospitalizationc or rehospitalization in the 1st 2 weeks
following discharge

EED-EI:
Elective induction
at 37-38 weeks
n
%
32,747
100.0

EED-CS:
Elective Cesarean
at 37-38 weeks
n
%
47,300
100.0

ESD:
Spontaneous
delivery
at 37-38 weeks
n
%
99,334
100.0

EID:
Medically-indicated
delivery
at 37-38 weeks
n
%
21,167
100.0

Total
N
%
616,250 100.0

FTD:
Delivery
at ≥39 weeks
n
%
415,702
100.0

58,318
385,967
137,109
14,589
20,267

9.5
62.6
22.2
2.4
3.3

41,270
263,152
89,491
9,508
12,281

9.9
63.3
21.5
2.3
3.0

4,375
23,728
3,300
527
817

13.4
72.5
10.1
1.6
2.5

264
18,622
24,709
1,809
1,896

0.6
39.4
52.2
3.8
4.0

11,455
70,673
11,531
1,883
3,792

11.5
71.1
11.6
1.9
3.8

954
9,792
8,078
862
1,481

4.5
46.3
38.2
4.1
7.0

36,898

6.0

23,307

5.6

1,705

5.2

2,434

5.1

7,671

7.7

1,781

8.4

603,139
12,841
270

97.9
2.1
0.0

407,617
7,935
150

98.1
1.9
0.0

31,729
993
25

96.9
3.0
0.1

46,442
834
24

98.2
1.8
0.1

96,685
2,597
52

97.3
2.6
0.1

20,666
482
19

97.6
2.3
0.1

49,185

8.0

30,936

7.4

2,645

8.1

3,232

6.8

10,122

10.2

2,250

10.6

Number of re-hospitalizations in the
1st year of life
0
564,985
91.7
383,228
92.2
29,462
90.0
43,184
91.3
89,965
90.6
19,146
90.5
1
44,583
7.2
28,318
6.8
2,860
8.7
3,562
7.5
8,133
8.2
1,710
8.1
2
5,106
0.8
3,250
0.8
325
1.0
402
0.8
907
0.9
222
1.0
≥3
1,576
0.3
906
0.2
100
0.3
152
0.3
329
0.3
89
0.4
Total hospital days in the 1st year of
life (not including birth)
0 days
564,985
91.7
383,228
92.2
29,462
90.0
43,184
91.3
89,965
90.6
19,146
90.5
1-2 days
25,054
4.1
15,911
3.8
1,697
5.2
1,954
4.1
4,539
4.6
953
4.5
3-4 days
14,905
2.4
9,470
2.3
895
2.7
1,241
2.6
2,726
2.7
573
2.7
≥5 days
11,306
1.8
7,093
1.7
693
2.1
921
1.9
2,104
2.1
495
2.3
Total hospital days in the 1st year of
life (including birth)
1 day
53,812
8.7
38,278
9.2
3,981
12.2
234
0.5
10,462
10.5
857
4.0
2 days
355,076
57.6
243,424
58.6
21,482
65.6
17,022
36.0
64,251
64.7
8,897
42.0
3 days
133,804
21.7
87,658
21.1
3,530
10.8
22,970
48.6
12,035
12.1
7,611
36.0
4 days
25,738
4.2
16,683
4.0
1,365
4.2
2,472
5.2
4,093
4.1
1,125
5.3
≥5 days
47,820
7.8
29,659
7.1
2,389
7.3
4,602
9.7
8,493
8.5
2,677
12.6
a
For this study, data for infants who were transferred from one hospital to another hospital were merged to create a single hospitalization record.
b
The length of stay was calculated as the difference in days between the date of admission and the date of discharge. In cases in which the date of discharge occurred on the same
day as admission, the assigned length of stay was 1 day.
c
A long birth hospitalization was defined as one in which the infant was discharged after the mother.
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Figure 4.13. Percent of infants with ≥1 hospitalization after birth during the first year of life, by
exposure categories

Figure 4.14. Percent of infants with ≥1 early (first 2 weeks) or late (weeks 3-52) hospitalization
after birth during the first year of life, by exposure categories
The early and later re-hospitalization groups are NOT mutually exclusive. An infant with a rehospitalization in the first two weeks of life and then again between weeks 3-52 would be
counted in the numerator of both groups.
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Figure 4.15. Percent of infants with a prolongeda birth hospitalization or a re-hospitalization
within the first two weeks of life, by exposure categories
a

Prolonged = infant discharged after mother
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Table 4.12. The frequency and rate of having ≥1 inpatient hospitalization after birth in the first
year of life, by socio-demographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsa
616,250

Number
of cases
51,265

Cases
per 100
birthsb
8.3

64,585
470,649
81,016

7,363
38,962
4,940

11.4
8.3
6.1

1.37 (1.34, 1.41)
1.00 (reference)
0.74 (0.72, 0.76)

290,743
122,556
171,387
29,110

22,353
12,011
14,932
1,762

7.7
9.8
8.7
6.1

1.00 (reference)
1.31 (1.28, 1.34)
1.10 (1.08, 1.13)
0.80 (0.76, 0.84)

429,355
186,895

38,130
13,135

8.9
7.0

1.00 (reference)
0.73 (0.71, 0.75)

348,577
267,673

23,574
27,691

6.8
10.3

1.00 (reference)
1.54 (1.51, 1.57)

256,754
271,367
88,129

21,063
22,046
8,156

8.2
8.1
9.3

1.00 (reference)
1.02 (1.00, 1.04)
1.10 (1.07, 1.13)

261,635
257,874
96,741

19,470
23,297
8,498

7.4
9.0
8.8

0.84 (0.82, 0.87)
1.04 (1.01, 1.06)
1.00 (reference)

107,683
192,348
313,970

11,760
18,126
21,183

10.9
9.4
6.7

1.16 (1.14, 1.19)
1.00 (reference)
0.71 (0.70, 0.73)

285,254
272,404
48,226
10,366

18,245
29,343
3,039
638

6.4
10.8
6.3
6.2

1.00 (reference)
1.72 (1.68, 1.75)
0.94 (0.90, 0.98)
0.98 (0.90, 1.07)

178,646
298,821
136,504

18,447
24,127
8,482

10.3
8.1
6.2

1.25 (1.22, 1.27)
1.00 (reference)
0.77 (0.75, 0.80)

30,970
313,770
139,186
61,359
37,990
32,975

2,593
23,896
11,971
6,066
4,137
2,602

8.4
7.6
8.6
9.9
10.9
7.9

1.10 (1.06, 1.15)
1.00 (reference)
1.13 (1.10, 1.16)
1.31 (1.27, 1.35)
1.44 (1.39, 1.50)
1.09 (1.04, 1.14)

47,162
569,088

5,117
46,148

10.8
8.1

1.37 (1.32, 1.41)
1.00 (reference)

313,881
302,367

29,079
22,184

9.3
7.3

1.29 (1.27, 1.32)
1.00 (reference)
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Crude OR (95% CI)c
N/A

Table 4.12 (Continued)
Number
of birthsa

Number
of cases

Cases
per 100
birthsb

Characteristic
Crude OR (95% CI)c
Infant year of birth
1.17 (1.13, 1.20)
2005
122,827
11,477
9.3
1.05 (1.02, 1.08)
2006
124,824
10,599
8.5
2007
125,963
10,012
7.9
0.98 (0.95, 1.00)
0.94 (0.91, 0.97)
2008
123,320
9,498
7.7
2009
119,316
9,679
8.1
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
995
10.3
1.03 (0.89, 1.20)
500-999 births
52,448
4,748
9.1
1.08 (0.99, 1.19)
1,000-1,999 births
152,888
12,520
8.2
1.04 (0.98, 1.10)
≥2,000 births
401,210
33,002
8.2
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
173,650
14,534
8.4
1.02 (0.85, 1.22)
Level 2
194,190
15,846
8.2
0.98 (0.84, 1.16)
Level 3
248,410
20,885
8.4
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
462,306
38,301
8.3
0.95 (0.89, 1.02)
20-29%
84,754
7,058
8.3
0.99 (0.94, 1.05)
≥30%
69,190
5,906
8.5
1.00 (reference)
OR=odds ratio; CI=confidence interval
aThe number of births across levels of each characteristic may not add to the total due to missing
values.
bFor this study, data for infants who were transferred from one hospital to another hospital were merged
to create a single hospitalization record.
cGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.

122

Table 4.13. Odds ratios (OR)a and 95% confidence intervals (CI) representing the association
between early elective delivery and post-birth morbidityb in the first year of life
Prolonged birth LOSc
or any re-hospitalization
Any re-hospitalization
in 1st 2 weeks
during weeks 3-52
Timing/Reason for Delivery
OR (95% CI)
OR (95% CI)
FTD: Delivery at ≥39 weeks
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 weeks
1.15 (1.10, 1.20)*
1.10 (1.03, 1.18)*
EED-CS: Elective CS, 37-38 weeks
1.05 (1.00, 1.09)
0.84 (0.76, 0.92)*
ESD: Spontaneous, 37-38 weeks
1.40 (1.37, 1.44)*
1.47 (1.42, 1.52)*
EID: Medically-indicated, 37-38 weeks
1.55 (1.48, 1.63)*
1.43 (1.34, 1.53)*
*Reported odds ratio is statistically significantly different from 1.
aAdjusted for maternal, infant, and hospital-level characteristics.
bFor this study, data for infants who were transferred from one hospital to another hospital were merged
to create a single hospitalization record.
cA long birth hospitalization was defined as one in which the infant was discharged after the mother.
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Table 4.14. Rate ratios (RR), adjusted means, and 95% confidence intervals (CI) representing the association between early
elective delivery and the number of hospitalizations after birth in the first year of life
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
Characteristic
OR (95% CI)
OR (95% CI)
Mean (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
0.08 (0.08, 0.09)
EED-I: Elective induction, 37-38 wks
1.28 (1.24, 1.32)*
1.24 (1.19, 1.28)*
0.10 (0.09, 0.11)
EED-CS: Elective CS, 37-38 wks
1.13 (1.10, 1.16)*
1.09 (1.05, 1.13)*
0.09 (0.08, 0.09)
ESD: Spontaneous, 37-38 wks
1.21 (1.19, 1.24)*
1.17 (1.14, 1.20)*
0.09 (0.09, 0.10)
EID: Medically-indicated, 37-38 wks
1.27 (1.22, 1.33)*
1.26 (1.21, 1.32)*
0.10 (0.10, 0.11)
Maternal age (years)
<20 years
1.19 (1.16, 1.23)*
20-34 years
1.00 (reference)
≥35 years
0.85 (0.82, 0.87)*
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
Non-Hispanic black
1.00 (0.98, 1.03)
Hispanic
1.09 (1.06, 1.11)*
Other
0.98 (0.93, 1.02)
Maternal country of birth
US-born
1.00 (reference)
Foreign-born
0.80 (0.79, 0.82)*
Marital status
Married
1.00 (reference)
Unmarried
1.20 (1.18, 1.23)*
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
Intermediate
0.97 (0.95, 0.99)*
Inadequate/None/Missing
0.95 (0.93, 0.98)*
Reproductive history
Nulliparous
0.78 (0.76, 0.80)*
Multiparous, no previous CS
0.99 (0.97, 1.02)
Multiparous, previous CS
1.00 (reference)
Maternal education
Less than high school
1.07 (1.04, 1.09)*
High school diploma/GED
1.00 (reference)
More than high school
0.91 (0.89, 0.93)*
Principal source of payment
Private Insurance
1.00 (reference)
Medicaid
1.34 (1.31, 1.37)*
Self-pay
0.89 (0.85, 0.92)*
Other
0.92 (0.85, 0.99)*
Per-capita income
<$20,000
1.10 (1.07, 1.12)*
$20,000-$29,999
1.00 (reference)
≥$30,000
0.89 (0.86, 0.91)*
Pre-pregnancy body mass index
Underweight
1.03 (1.00, 1.07)
Normal
1.00 (reference)
Overweight
1.10 (1.07, 1.12)*
Obese-I
1.22 (1.18, 1.25)*
Obese-II, III
1.29 (1.25, 1.33)*
Missing
1.06 (1.01, 1.10)*
Maternal tobacco use
Yes
1.10 (1.07, 1.13)*
No
1.00 (reference)
Infant sex
Male
1.28 (1.26, 1.30)*
Female
1.00 (reference)
Infant year of birth
2005
1.19 (1.16, 1.22)*
2006
1.06 (1.04, 1.09)*
2007
0.99 (0.97, 1.02)
2008
0.96 (0.93, 0.98)*
2009
1.00 (reference)
CS=Cesarean section. *Reported rate ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a Poisson distribution and log link; dependent variable is the number of hospitalizations after
birth in the first year of life.
b
Crude model + adjusted for maternal and infant-level characteristics.;
c
Adjusted means were generated for exposure categories using adjusted model 1.
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Table 4.15. Rate ratios (RR), adjusted means, and 95% confidence intervals (CI) representing the association between early
elective delivery and length of stay during hospitalizations after birth in the first year of life
Adjusted Mean
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
LOSd
Characteristic
RR (95% CI)
RR (95% CI)
RR (95% CI)
Mean (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
0.29 (0.27, 0.31)
EED-I: Elective induction, 37-38 wks
1.19 (1.17, 1.21)*
1.15 (1.13, 1.18)*
1.15 (1.13, 1.18)*
0.33 (0.31, 0.36)
EED-CS: Elective CS, 37-38 wks
1.13 (1.11, 1.15)*
1.11 (1.09, 1.13)*
1.11 (1.09, 1.13)*
0.32 (0.30, 0.34)
ESD: Spontaneous, 37-38 wks
1.26 (1.24, 1.27)*
1.21 (1.20, 1.22)*
1.21 (1.20, 1.22)*
0.35 (0.32, 0.37)
EID: Medically-indicated, 37-38 wks
1.31 (1.28, 1.34)*
1.31 (1.28, 1.34)*
1.31 (1.28, 1.34)*
0.38 (0.35, 0.41)
Maternal age (years)
<20 years
1.20 (1.18, 1.21)*
1.20 (1.18, 1.21)*
20-34 years
1.00 (reference)
1.00 (reference)
≥35 years
0.90 (0.89, 0.91)*
0.90 (0.89, 0.91)*
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
Non-Hispanic black
1.07 (1.06, 1.09)*
1.07 (1.06, 1.09)*
Hispanic
1.11 (1.10, 1.13)*
1.11 (1.10, 1.13)*
Other
1.02 (1.00, 1.05)
1.02 (1.00, 1.05)
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
Foreign-born
0.78 (0.77, 0.79)*
0.78 (0.77, 0.79)*
Marital status
Married
1.00 (reference)
1.00 (reference)
Unmarried
1.21 (1.20, 1.23)*
1.21 (1.20, 1.23)*
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
Intermediate
1.00 (0.99, 1.01)
1.00 (0.99, 1.01)
Inadequate/None/Missing
1.07 (1.05, 1.08)*
1.07 (1.05, 1.08)*
Reproductive history
Nulliparous
0.78 (0.77, 0.79)*
0.78 (0.77, 0.79)*
Multiparous, no previous CS
1.02 (1.00, 1.03)*
1.02 (1.00, 1.03)*
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
Maternal education
Less than high school
1.05 (1.04, 1.06)*
1.05 (1.04, 1.06)*
High school diploma/GED
1.00 (reference)
1.00 (reference)
More than high school
0.86 (0.85, 0.87)*
0.86 (0.85, 0.87)*
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
Medicaid
1.31 (1.30, 1.33)*
1.31 (1.30, 1.33)*
Self-pay
0.93 (0.91, 0.95)*
0.93 (0.91, 0.95)*
Other
0.86 (0.83, 0.90)*
0.87 (0.83, 0.91)*
Per-capita income
<$20,000
1.12 (1.11, 1.13)*
1.12 (1.11, 1.13)*
$20,000-$29,999
1.00 (reference)
1.00 (reference)
≥$30,000
0.88 (0.87, 0.89)*
0.88 (0.87, 0.89)*
Pre-pregnancy body mass index
Underweight
1.05 (1.03, 1.07)*
1.05 (1.03, 1.07)*
Normal
1.00 (reference)
1.00 (reference)
Overweight
1.09 (1.07, 1.10)*
1.09 (1.07, 1.10)*
Obese-I
1.17 (1.16, 1.19)*
1.17 (1.16, 1.19)*
Obese-II, III
1.26 (1.24, 1.28)*
1.26 (1.24, 1.28)*
Missing
1.07 (1.04, 1.09)*
1.07 (1.04, 1.09)*
Maternal tobacco use
Yes
1.08 (1.07, 1.10)*
1.08 (1.06, 1.10)*
No
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.29 (1.28, 1.30)*
1.29 (1.28, 1.30)*
Female
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
1.22 (1.20, 1.23)*
1.22 (1.20, 1.24)*
2006
1.07 (1.06, 1.09)*
1.08 (1.06, 1.09)*
2007
0.98 (0.96, 0.99)*
0.97 (0.96, 0.99)*
2008
1.02 (1.01, 1.03)*
1.02 (1.01, 1.04)*
2009
1.00 (reference)
1.00 (reference)
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Table 4.15 (Continued)
Unadjusted Modela
RR (95% CI)

Adjusted Model 1b
RR (95% CI)

Adjusted Model 2c
RR (95% CI)

Adjusted Mean
LOSd
Mean (95% CI)

Characteristic
Hospital annual birth volume
100-499 births
0.70 (0.64, 0.77)*
500-999 births
0.87 (0.82, 0.92)*
1,000-1,999 births
1.08 (1.05, 1.11)*
≥2,000 births
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.81 (0.71, 0.91)*
Level 2
0.95 (0.87, 1.04)
Level 3
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
0.92 (0.89, 0.96)*
20-29%
0.98 (0.95, 1.00)
≥30%
1.00 (reference)
CS=Cesarean section
*Reported rate ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a Poisson distribution and log link; dependent variable is the length of stay during
hospitalizations after birth in the first year of life.
b
Crude model + adjusted for maternal and infant-level characteristics.
c
Adjusted model 1 + adjusted for hospital-level characteristics.
d
Adjusted means were generated for exposure categories using adjusted model 2.
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Table 4.16. Commona diagnoses associated with infant hospitalizations after birth in the first year of life, by exposure categories

Condition/Diagnosis
Principal diagnosis
Re-hospitalizations in the 1st 2 weeks of life
Jaundice
Fever
Kidney/Urinary Tract Infections
Acute Respiratory Infections
Pyloric Stenosis
Sepsis
Re-hospitalizations during weeks 3-52
Acute Respiratory Infections
Pneumonia/Influenza
Kidney/Urinary Tract Infections
Fever
Intestinal Infections
Dehydration
Cellulitis
Pyloric Stenosis
Esophageal Reflux
Asthma
Non-Infective Enteritis/Colitis
Meningitis
Sepsis
Seizures/Convulsions
Any diagnosis made during hospitalization
Re-hospitalizations in the 1st 2 weeks of life
Jaundice
Acute Respiratory Infections
Fever
Kidney/Urinary Tract Infections
Dehydration
Esophageal Reflux
Feeding Problems
Sepsis
Pyloric Stenosis
Re-hospitalizations during weeks 3-52
Acute Respiratory Infections
Dehydration
Pneumonia/Influenza
Fever
Esophageal Reflux
Otitis Media

FTD:
Delivery
at ≥39 weeks
Admits Rateb
RRc

EED-EI:
Elective induction at
37-38 weeks
Admits Rateb
RRc

EED-CS:
Elective Cesarean at
37-38 weeks
Admits Rateb
RRc

ESD:
Spontaneous delivery
at 37-38 weeks
Admits Rateb
RRc

EID:
Medically-indicated
delivery
at 37-38 weeks
Admits Rateb
RRc

1,879
683
571
564
373
297

4.5
1.6
1.4
1.4
0.9
0.7

1.00
1.00
1.00
1.00
1.00
1.00

413
70
59
48
33
39

12.6
2.1
1.8
1.5
1.0
1.2

2.79
1.30
1.31
1.08
1.12
1.67

167
65
29
78
41
38

3.5
1.4
0.6
1.6
0.9
0.8

0.78
0.84
0.45
1.22
0.97
1.12

1,019
143
160
145
82
103

10.3
1.4
1.6
1.5
0.8
1.0

2.27
0.88
1.17
1.08
0.92
1.45

173
26
19
30
14
15

8.2
1.2
0.9
1.4
0.7
0.7

1.81
0.75
0.65
1.04
0.74
0.99

6,568
2,763
1,937
1,617
1,129
1,069
1,016
,893
858
815
712
550
460
446

15.8
6.6
4.7
3.9
2.7
2.6
2.4
2.1
2.1
2.0
1.7
1.3
1.1
1.1

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

675
254
192
132
82
101
83
93
82
82
60
46
35
34

20.6
7.8
5.9
4.0
2.5
3.1
2.5
2.8
2.5
2.5
1.8
1.4
1.1
1.0

1.30
1.17
1.26
1.04
0.92
1.20
1.04
1.32
1.21
1.28
1.07
1.06
0.97
0.97

1,053
372
265
187
133
129
101
129
147
127
93
81
59
51

22.3
7.9
5.6
4.0
2.8
2.7
2.1
2.7
3.1
2.7
2.0
1.7
1.2
1.1

1.41
1.18
1.20
1.02
1.04
1.06
0.87
1.27
1.51
1.37
1.15
1.29
1.13
1.01

1,987
823
531
434
306
258
259
247
299
250
165
169
134
123

20.0
8.3
5.3
4.4
3.1
2.6
2.6
2.5
3.0
2.5
1.7
1.7
1.3
1.2

1.27
1.25
1.15
1.12
1.13
1.01
1.07
1.16
1.46
1.28
0.97
1.29
1.22
1.15

458
153
109
80
75
69
47
60
83
64
51
34
26
37

21.6
7.2
5.1
3.8
3.5
3.3
2.2
2.8
3.9
3.0
2.4
1.6
1.2
1.7

1.37
1.09
1.11
0.97
1.30
1.27
0.91
1.32
1.90
1.54
1.41
1.21
1.11
1.63

2,251
1,124
1,030
841
736
714
548
411
410

5.4
2.7
2.5
2.0
1.8
1.7
1.3
1.0
1.0

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

464
93
99
88
100
83
70
55
39

14.2
2.8
3.0
2.7
3.1
2.5
2.1
1.7
1.2

2.62
1.05
1.22
1.33
1.73
1.48
1.62
1.70
1.21

222
162
98
53
73
112
66
54
47

4.7
3.4
2.1
1.1
1.5
2.4
1.4
1.1
1.0

0.87
1.27
0.84
0.55
0.87
1.38
1.06
1.15
1.01

1,185
287
234
258
256
228
163
155
91

11.9
2.9
2.4
2.6
2.6
2.3
1.6
1.6
0.9

2.20
1.07
0.95
1.28
1.46
1.34
1.24
1.58
0.93

194
69
38
33
46
54
43
22
15

9.2
3.3
1.8
1.6
2.2
2.6
2.0
1.0
0.7

1.69
1.21
0.72
0.77
1.23
1.49
1.54
1.05
0.72

8,956
3,622
3,487
2,849
2,815
2,813

21.5
8.7
8.4
6.9
6.8
6.8

1.00
1.00
1.00
1.00
1.00
1.00

885
334
339
244
300
277

27.0
10.2
10.4
7.5
9.2
8.5

1.25
1.17
1.23
1.09
1.35
1.25

1,378
490
478
330
472
423

29.1
10.4
10.1
7.0
10.0
8.9

1.35
1.19
1.20
1.02
1.47
1.32

2,669
956
1,060
765
867
781

26.9
9.6
10.7
7.7
8.7
7.9

1.25
1.10
1.27
1.12
1.29
1.16

609
237
197
158
265
182

28.8
11.2
9.3
7.5
12.5
8.6

1.34
1.28
1.11
1.09
1.85
1.27
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Table 4.16 (Continued)

Condition/Diagnosis

FTD:
Delivery
at ≥39 weeks
Admits Rateb
RRc

EED-EI:
Elective induction at
37-38 weeks
Admits Rateb
RRc

EED-CS:
Elective Cesarean at
37-38 weeks
Admits Rateb
RRc

ESD:
Spontaneous delivery
at 37-38 weeks
Admits Rateb
RRc

EID:
Medically-indicated
delivery
at 37-38 weeks
Admits Rateb
RRc

Re-hospitalizations during weeks 3-52 (cont)
Kidney/Urinary Tract Infections
2,706
6.5 1.00
255
7.8 1.20
348
7.4 1.13
754
7.6 1.17
154
7.3
Asthma
2,424
5.8 1.00
226
6.9 1.18
361
7.6 1.31
733
7.4 1.27
164
7.7
Non-Infective Enteritis/Colitis
1,786
4.3 1.00
153
4.7 1.09
228
4.8 1.12
475
4.8 1.11
126
6.0
Intestinal Infections
1,540
3.7 1.00
126
3.8 1.04
188
4.0 1.07
419
4.2 1.14
97
4.6
Cellulitis
1,201
2.9 1.00
106
3.2 1.12
124
2.6 0.91
312
3.1 1.09
57
2.7
Pyloric Stenosis
910
2.2 1.00
94
2.9 1.31
131
2.8 1.27
255
2.6 1.17
62
2.9
Seizures/Convulsions
755
1.8 1.00
53
1.6 0.89
94
2.0 1.09
221
2.2 1.22
55
2.6
Meningitis
593
1.4 1.00
49
1.5 1.05
84
1.8 1.25
182
1.8 1.28
38
1.8
Sepsis
590
1.4 1.00
49
1.5 1.05
80
1.7 1.19
185
1.9 1.31
41
1.9
Feeding Problems
499
1.2 1.00
57
1.7 1.45
57
1.2 1.00
149
1.5 1.25
41
1.9
Acute Respiratory Failure
264
0.6 1.00
17
0.5 0.82
37
0.8 1.23
86
0.9 1.36
21
1.0
a
Diagnosis categories with a hospitalization rate of ≥1 hospitalization per 1,000 infants in at least 1 exposure category were included.
b
The rate provided is the cases diagnosed with the condition per 1,000 infants.
c
Diagnosis-specific rate ratios (using delivery at ≥39 weeks as the referent exposure group) that are statistically significantly different from 1 are bolded (type I error rate=5%).
c
International Classification of Diseases, 9th Edition, Clinical Modification codes used to create diagnostic groupings.
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1.12
1.33
1.39
1.24
0.93
1.34
1.43
1.26
1.36
1.61
1.56

Figure 4.16. Neonatal, post-neonatal, and infant mortality rates, overall and by exposure
categories
Neonatal death = death at <28 days of age; post-neonatal death = death during days 28-364 of
life. Data labels within each column indicate the death rate per 1,000 live births, followed by the
number of deaths in parentheses; labels outside and above each column represent the total
infant mortality rate and number of infant deaths.
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Figure 4.17. Kaplan-Meier curves comparing infant mortality across exposure groups
Please note the truncated y-axis (survival probability) due to the rarity of infant death in the study population. Where each survival
curve intersects the horizontal dotted line at 99.9% survival reflects the time at which approximately 1 in every 1,000 infants in that
exposure group have died.
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Table 4.17. The frequency and rate of infant deaths, by socio-demographic, perinatal, and
hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Crude HR (95% CI)b

Number
of birthsa

Number
of deaths

616,250

987

Deaths
per 1000
births
1.6

64,585
470,649
81,016

196
724
67

3.0
1.5
0.8

1.99 (1.65, 2.39)
1.00 (reference)
0.53 (0.41, 0.68)

290,743
122,556
171,387
29,110

451
326
175
34

1.6
2.7
1.0
1.2

1.00 (reference)
1.71 (1.45, 2.01)
0.65 (0.54, 0.79)
0.76 (0.53, 1.09)

429,355
186,895

828
159

1.9
0.9

1.00 (reference)
0.44 (0.37, 0.53)

348,577
267,673

350
637

1.0
2.4

1.00 (reference)
2.36 (2.07, 2.70)

256,754
271,367
88,129

296
468
223

1.2
1.7
2.5

1.00 (reference)
1.51 (1.27, 1.78)
2.25 (1.83, 2.76)

261,635
257,874
96,741

341
472
174

1.3
1.8
1.8

0.72 (0.60, 0.87)
1.01 (0.86, 1.19)
1.00 (reference)

107,683
192,348
313,970

299
388
296

2.8
2.0
0.9

1.38 (1.17, 1.62)
1.00 (reference)
0.47 (0.40, 0.55)

285,254
272,404
48,226
10,366

247
658
67
15

0.9
2.4
1.4
1.4

1.00 (reference)
2.78 (2.39, 3.25)
1.59 (1.13, 2.24)
1.71 (1.04, 2.81)

178,646
298,821
136,504

366
471
146

2.0
1.6
1.1

1.29 (1.11, 1.51)
1.00 (reference)
0.67 (0.56, 0.80)

30,970
313,770
139,186
61,359
37,990
32,975

53
449
221
104
101
59

1.7
1.4
1.6
1.7
2.7
1.8

1.19 (0.93, 1.53)
1.00 (reference)
1.13 (0.97, 1.30)
1.20 (0.95, 1.52)
1.87 (1.48, 2.36)
1.29 (0.93, 1.78)

47,162
569,088

212
775

4.5
1.4

3.31 (2.82, 3.87)
1.00 (reference)

313,881
302,367

566
421

1.8
1.4

1.29 (1.15, 1.45)
1.00 (reference)
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N/A

Table 4.17 (Continued)
Characteristic

Number
of birthsa

Number
of deaths

Deaths
per 1000
births

Crude HR (95% CI)b

Infant year of birth
2005
122,827
184
1.5
0.90 (0.74, 1.09)
2006
124,824
188
1.5
0.93 (0.75, 1.14)
2007
125,963
201
1.6
0.97 (0.78, 1.19)
2008
123,320
219
1.8
1.09 (0.90, 1.33)
2009
119,316
195
1.6
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
19
2.0
1.29 (0.94, 1.77)
500-999 births
52,448
101
1.9
1.25 (0.96, 1.63)
1,000-1,999 births
152,888
250
1.6
1.07 (0.86, 1.32)
≥2,000 births
401,210
617
1.5
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
173,650
280
1.6
1.01 (0.79, 1.29)
Level 2
194,190
311
1.6
1.01 (0.78, 1.30)
Level 3
248,410
396
1.6
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
462,306
720
1.6
0.93 (0.73, 1.17)
20-29%
84,754
150
1.8
1.05 (0.78, 1.43)
≥30%
69,190
117
1.7
1.00 (reference)
HR=odds ratio; CI=confidence interval
aThe number of births across levels of each characteristic may not add to the total due to missing
values.
bGenerated from a crude marginal proportional hazards regression model with a single independent
variable (the characteristic listed). Hazard ratios statistically significantly different from 1 are bolded.
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Table 4.18. Hazard ratios (HR) and 95% confidence intervals (CI) representing the association between the timing and reason for delivery initiation and infant mortality
Adjusted Modeld
Adjusted Modele
Unadjusted Model
Adjusted Model 1a
Adjusted Model 2b
Adjusted Modelc
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
HR (95% CI)
HR (95% CI)
HR (95% CI)
HR (95% CI)
HR (95% CI)
HR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
0.96 (0.70, 1.30)
1.03 (0.75, 1.43)
1.04 (0.75, 1.43)
1.00 (0.57, 1.75)
1.09 (0.74, 1.59)
N/A
EED-CS: Elective CS, 37-38 wks
0.96 (0.71, 1.29)
0.95 (0.69, 1.32)
0.95 (0.69, 1.31)
1.12 (0.57, 2.23)
2.39 (1.27, 4.52)*
0.75 (0.54, 1.04)
ESD: Spontaneous, 37-38 wks
1.33 (1.12, 1.59)*
1.31 (1.10, 1.56)*
1.31 (1.10, 1.57)*
1.31 (1.01, 1.68)*
1.37 (1.08, 1.73)*
1.09 (0.51, 2.33)
EID: Medically-indicated, 37-38 wks
1.36 (1.01, 1.83)*
1.55 (1.16, 2.06)*
1.54 (1.16, 2.05)*
1.71 (1.07, 2.73)*
1.45 (0.86, 2.44)
1.25 (0.66, 2.39)
Maternal age (years)
<20 years
1.51 (1.25, 1.82)*
1.51 (1.25, 1.82)*
1.55 (1.20, 1.99)*
1.46 (1.05, 2.03)*
2.10 (1.25, 3.52)*
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
0.74 (0.57, 0.96)*
0.74 (0.57, 0.95)*
1.51 (0.90, 2.52)
0.55 (0.35, 0.87)*
0.76 (0.49, 1.18)
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
1.38 (1.15, 1.66)*
1.36 (1.12, 1.64)*
1.29 (0.94, 1.77)
1.33 (1.06, 1.67)*
1.56 (1.04, 2.32)*
Hispanic
0.83 (0.67, 1.01)
0.82 (0.66, 1.02)
0.97 (0.68, 1.40)
0.71 (0.52, 0.98)*
0.84 (0.48, 1.50)
Other
1.25 (0.87, 1.80)
1.25 (0.87, 1.80)
1.38 (0.77, 2.49)
1.00 (0.58, 1.73)
1.73 (0.77, 3.91)
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.56 (0.45, 0.71)*
0.56 (0.45, 0.70)*
0.53 (0.36, 0.77)*
0.54 (0.37, 0.79)*
0.71 (0.40, 1.24)
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
1.27 (1.09, 1.47)*
1.26 (1.08, 1.47)*
1.22 (0.91, 1.62)
1.19 (0.96, 1.49)
1.53 (1.09, 2.15)*
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.27 (1.07, 1.50)*
1.28 (1.08, 1.52)*
1.09 (0.85, 1.40)
1.40 (1.06, 1.86)*
1.47 (1.01, 2.13)*
Inadequate/None/Missing
1.47 (1.20, 1.80)*
1.47 (1.20, 1.81)*
1.18 (0.84, 1.67)
1.78 (1.35, 2.34)*
1.30 (0.83, 2.03)
Reproductive history
Nulliparous
0.59 (0.48, 0.72)*
0.59 (0.48, 0.72)*
N/A
N/A
N/A
Multiparous, no previous CS
0.87 (0.74, 1.03)
0.87 (0.73, 1.03)
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
1.12 (0.95, 1.32)
1.12 (0.95, 1.32)
1.02 (0.79, 1.31)
1.16 (0.93, 1.44)
1.32 (0.92, 1.88)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
0.76 (0.64, 0.89)*
0.76 (0.64, 0.90)*
0.60 (0.45, 0.82)*
0.88 (0.70, 1.11)
0.76 (0.51, 1.13)
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.42 (1.19, 1.70)*
1.43 (1.19, 1.71)*
1.41 (1.05, 1.89)*
1.46 (1.09, 1.94)*
1.43 (0.92, 2.22)
Self-pay
1.47 (1.01, 2.14)*
1.48 (1.02, 2.14)*
2.00 (1.22, 3.27)*
1.54 (0.97, 2.45)
0.64 (0.23, 1.80)
Other
1.35 (0.82, 2.22)
1.41 (0.86, 2.32)
1.80 (0.77, 4.21)
1.52 (0.87, 2.63)
0.49 (0.08, 3.04)
Per-capita income
<$20,000
1.04 (0.91, 1.19)
1.04 (0.91, 1.20)
0.88 (0.68, 1.12)
1.17 (0.95, 1.43)
1.06 (0.75, 1.48)
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
0.95 (0.80, 1.13)
0.95 (0.80, 1.13)
0.96 (0.71, 1.30)
1.03 (0.81, 1.31)
0.71 (0.40, 1.24)
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Table 4.18 (Continued)
Unadjusted Model
Full Sample
HR (95% CI)

Adjusted Model 1a
Full Sample
HR (95% CI)

Adjusted Model 2b
Full Sample
HR (95% CI)

Adjusted Modelc
Nulliparous
HR (95% CI)

Adjusted Modeld
Multiparous,
No previous CS
HR (95% CI)

Adjusted Modele
Multiparous,
Previous CS
HR (95% CI)

Characteristic
Pre-pregnancy body mass index
Underweight
0.94 (0.73, 1.20)
0.94 (0.73, 1.20)
0.90 (0.60, 1.34)
0.95 (0.65, 1.40)
1.08 (0.45, 2.58)
Normal
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Overweight
1.06 (0.91, 1.24)
1.06 (0.91, 1.24)
1.02 (0.80, 1.31)
1.04 (0.85, 1.26)
1.17 (0.81, 1.69)
Obese-I
1.02 (0.80, 1.29)
1.02 (0.81, 1.29)
1.33 (0.89, 2.00)
0.83 (0.59, 1.16)
1.06 (0.66, 1.70)
Obese-II, III
1.45 (1.15, 1.81)*
1.45 (1.16, 1.82)*
1.89 (1.20, 2.97)*
1.33 (0.96, 1.84)
1.25 (0.78, 2.01)
Missing
1.28 (0.97, 1.70)
1.26 (0.95, 1.67)
1.46 (0.89, 2.39)
1.17 (0.81, 1.70)
1.15 (0.50, 2.63)
Maternal tobacco use
Yes
2.23 (1.91, 2.61)*
2.24 (1.92, 2.62)*
2.25 (1.67, 3.02)*
2.33 (1.90, 2.86)*
1.82 (1.18, 2.81)*
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.28 (1.14, 1.44)*
1.28 (1.14, 1.44)*
1.32 (1.11, 1.58)*
1.33 (1.09, 1.63)*
1.08 (0.83, 1.41)
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
0.93 (0.77, 1.13)
0.94 (0.77, 1.14)
1.05 (0.75, 1.46)
0.78 (0.59, 1.03)
1.16 (0.73, 1.84)
2006
0.95 (0.78, 1.17)
0.96 (0.78, 1.19)
0.83 (0.55, 1.24)
1.05 (0.77, 1.43)
1.00 (0.64, 1.57)
2007
0.98 (0.80, 1.20)
0.99 (0.81, 1.21)
0.93 (0.65, 1.34)
0.95 (0.73, 1.23)
1.22 (0.76, 1.95)
2008
1.10 (0.90, 1.33)
1.10 (0.90, 1.34)
0.95 (0.66, 1.36)
1.23 (0.95, 1.58)
1.07 (0.64, 1.77)
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.07 (0.77, 1.49)
1.65 (0.79, 3.46)
0.82 (0.40, 1.70)
0.90 (0.31, 2.62)
500-999 births
1.13 (0.89, 1.42)
1.31 (0.83, 2.07)
0.96 (0.71, 1.29)
1.28 (0.74, 2.22)
1,000-1,999 births
1.11 (0.95, 1.30)
1.26 (0.94, 1.68)
1.04 (0.83, 1.30)
0.99 (0.66, 1.49)
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.82 (0.68, 1.00)
0.68 (0.47, 0.98)*
0.89 (0.66, 1.21)
1.00 (0.63, 1.58)
Level 2
0.99 (0.83, 1.19)
0.88 (0.69, 1.12)
0.99 (0.78, 1.26)
1.30 (0.87, 1.96)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
1.05 (0.86, 1.29)
1.22 (0.78, 1.90)
1.09 (0.79, 1.52)
0.72 (0.49, 1.05)
20-29%
1.08 (0.81, 1.43)
1.29 (0.79, 2.11)
1.08 (0.71, 1.62)
0.80 (0.54, 1.20)
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported hazard ratio is statistically significantly different from 1.
a
Crude model + adjusted for maternal and infant-level characteristics.
b
Adjusted model 1 + adjusted for hospital-level characteristics.
c
Adjusted model 2 + interaction term between timing/reason for delivery initiation and reproductive history, estimates calculated for nulliparous women only
d
Adjusted model 2 + interaction term between timing/reason for delivery initiation and reproductive history, estimates calculated for multiparous women without a prior Cesarean
section only
e
Adjusted model 2 + interaction term between timing/reason for delivery initiation and reproductive history, estimates calculated for women with a prior Cesarean section only
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Figure 4.18. Summary of the associations between timing/reason for delivery initiation and
infant mortality
The reference exposure group in all models were deliveries at ≥39 weeks.

135

Table 4.19. Commona underlying and contributing causes of death, by exposure categories
FTD:
Delivery
at ≥39 weeks
Deaths Rateb
RRc
Underlying cause of death
Codec Description
R95 Sudden infant death syndrome
W75 Accidental suffocation and
strangulation in bed
R99 Ill-defined and unknown cause of
mortality
W84 Unspecified threat to breathing
Q24.9 Congenital malformation of the heart,
unspecified
Q91.3 Trisomy 18, unspecified
W83 Other specified threats to breathing
Y09 Assault by unspecified means
P36.9 Bacterial sepsis of newborn,
unspecified
J84.9 Interstitial pulmonary disease,
unspecified
P29.0 Neonatal cardiac failure
W65 Accidental drowning and submersion
while in bathtub
Y07.9 Unspecified perpetrator of
maltreatment and neglect

EED-EI:
Elective induction at
37-38 weeks
Deaths Rateb
RRc

EED-CS:
Elective Cesarean at
37-38 weeks
Deaths Rateb
RRc

ESD:
Spontaneous delivery
at 37-38 weeks
Deaths Rateb
RRc

EID:
Medically-indicated
delivery
at 37-38 weeks
Deaths Rateb
RRc

113
85

27.2
20.4

1.00
1.00

8
10

24.4
30.5

0.90
1.49

6
17

12.7
35.9

0.47
1.76

33
39

33.2
39.3

1.22
1.92

4
4

18.9
18.9

0.70
0.92

78

18.8

1.00

5

15.3

0.81

4

8.5

0.45

21

21.1

1.13

3

14.2

0.76

21
13

5.1
3.1

1.00
1.00

3
0

9.2
0.0

1.81
N/A

3
2

6.3
4.2

1.26
1.35

8
3

8.1
3.0

1.59
0.97

1
1

4.7
4.7

0.94
1.51

11
11
11
8

2.6
2.6
2.6
1.9

1.00
1.00
1.00
1.00

0
1
1
1

0.0
3.1
3.1
3.1

N/A
1.15
1.15
1.59

2
2
4
0

4.2
4.2
8.5
0.0

1.60
1.60
3.20
N/A

1
4
5
2

1.0
4.0
5.0
2.0

0.38
1.52
1.90
1.05

1
2
3
0

4.7
9.4
14.2
0.0

1.79
3.57
5.36
N/A

7

1.7

1.00

1

3.1

1.81

1

2.1

1.26

2

2.0

1.20

0

0.0

N/A

7
7

1.7
1.7

1.00
1.00

0
0

0.0
0.0

N/A
N/A

0
1

0.0
2.1

N/A
1.26

0
0

0.0
0.0

N/A
N/A

0
0

0.0
0.0

N/A
N/A

7

1.7

1.00

0

0.0

N/A

0

0.0

N/A

1

1.0

0.60

1

4.7

2.81

Contributing causes of deathd
Codec Description
T71 Asphyxiation
120
28.9 1.00
14
42.8 1.48
22
46.5 1.61
53
53.4 1.85
7
33.1 1.15
I469 Cardiac arrest, cause unspecified
27
6.5 1.00
2
6.1 0.94
0
0.0 0.00
4
4.0 0.62
1
4.7 0.73
S099 Unspecified injury of face and head
23
5.5 1.00
2
6.1 1.10
3
6.3 1.15
7
7.0 1.27
4
18.9 3.42
R688 Other general symptoms and signs
16
3.8 1.00
0
0.0 0.00
1
2.1 0.55
1
1.0 0.26
5
23.6 6.14
T751 Unspecified effects of drowning and
14
3.4 1.00
0
0.0 0.00
1
2.1 0.63
2
2.0 0.60
0
0.0 0.00
nonfatal submersion
J969 Respiratory failure, unspecified
13
3.1 1.00
2
6.1 1.95
2
4.2 1.35
7
7.0 2.25
3
14.2 4.53
P291 Neonatal cardiac dysrhythmia
12
2.9 1.00
0
0.0 0.00
3
6.3 2.20
1
1.0 0.35
2
9.4 3.27
P293 Persistent fetal circulation
10
2.4 1.00
1
3.1 1.27
1
2.1 0.88
4
4.0 1.67
0
0.0 0.00
R99 Ill-defined and unknown cause of
10
2.4 1.00
0
0.0 0.00
0
0.0 0.00
3
3.0 1.26
0
0.0 0.00
mortality
N19 Unspecified kidney failure
9
2.2 1.00
1
3.1 1.41
0
0.0 0.00
3
3.0 1.39
0
0.0 0.00
P285 Respiratory failure of newborn
9
2.2 1.00
0
0.0 0.00
5
10.6 4.88
2
2.0 0.93
3
14.2 6.55
A419 Sepsis, unspecified organism
8
1.9 1.00
1
3.1 1.59
1
2.1 1.10
6
6.0 3.14
3
14.2 7.36
a
Causes of death that ranked within the top 10 causes of death (with at least 5 total deaths) for at least 1 exposure category were included.
b
The rate provided is the number of cause-specific deaths per 100,000 infants.
c
Cause-specific mortality rate ratios (using delivery at ≥39 weeks as the referent exposure group) that are statistically significantly different from 1 are bolded (type I error rate=5%).
c
International Classification of Diseases, 10th Edition, Clinical Modification codes used to define cause of death.
d
Causes of death were unduplicated. If the same ICD-10-CM code was listed as an underlying and contributing cause of death, it was only counted as an underlying cause.
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Table 4.20. Level of agreement between gestational age (in weeks) calculated from the date of
last menstrual period (LMP) and assigned as the clinical estimate (CE), by exposure categories
Level of Agreement
Timing/Reason for Delivery
(Based on LMP)
Total Study Population

CE =
LMP-3

CE =
LMP-2

CE=
LMP-1

Exact
Match
CE=LMP

CE =
LMP+1

CE =
LMP+2

CE =
LMP+3

%a
7.4

%a
6.7

%a
14.3

%a
48.1

%a
14.2

%a
4.9

%a
4.4

FTD: Delivery at ≥39 weeks
11.0
9.8
19.4
50.0
8.9
0.9
EED-I: Elective induction, 37-38 weeks
0.2
0.4
3.8
45.4
30.4
14.7
EED-CS: Elective CS, 37-38 weeks
0.4
0.8
4.7
54.3
30.0
8.4
ESD: Spontaneous, 37-38 weeks
1.0
1.7
7.6
51.2
23.8
11.3
EID: Medically-indicated, 37-38 weeks
1.8
2.0
7.3
49.0
23.9
11.4
CE = LMP-3: the gestational age from the CE is 3 weeks lower than the LMP-based estimate.
CE = LMP-2: the gestational age from the CE is 2 weeks lower than the LMP-based estimate.
CE = LMP-1: the gestational age from the CE is 1 week lower than the LMP-based estimate.
Exact Match CE=LMP: the gestational age from the CE is the same as the LMP-based estimate.
CE = LMP+1: the gestational age from the CE is 1 week greater than the LMP-based estimate.
CE = LMP+2: the gestational age from the CE is 2 weeks greater than the LMP-based estimate.
CE = LMP+3: the gestational age from the CE is 3 week greater than the LMP-based estimate.
aPercentages displayed are row percentages
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0.0
5.2
1.3
3.4
4.7

Figure 4.19. Sensitivity analyses comparing adjusted odds ratios for early elective delivery and
selected birth outcomes for the full sample and a sample restricted to infants with exact
agreementa on gestational age measures
F = full sample; R = restricted sample; EED-I = elective induction at 37-38 weeks; EED-CS =
elective Cesarean section at 37-38 weeks; ESD = spontaneous delivery at 37-38 weeks; EID:
medically-indicated delivery at 37-38 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.
a

Includes only records in which the gestational age (in weeks) based on the reported date of last
menstrual period equals the gestational age (in weeks) based on the clinical estimate of
gestation.
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Figure 4.20. Gestational age distribution (in weeks) within the ≥39 week reference exposure
group
The reference exposure group in all of the models used in this study were deliveries at ≥39
weeks. This figure is shows that 75% of this group consists of infants born at full-term (39-40
weeks), with lesser percentages of late term (41 weeks) and post-term (42-44 weeks) infants.
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Figure 4.21. Sensitivity analyses comparing adjusted odds ratios for early elective delivery and
selected birth outcomes for the full sample and a restricted sample in which late (41 weeks) and
post-term (42-44 weeks) infants were removed from the reference group
F = full sample; R = restricted sample; EED-I = elective induction at 37-38 weeks; EED-CS =
elective Cesarean section at 37-38 weeks; ESD = spontaneous delivery at 37-38 weeks; EID:
medically-indicated delivery at 37-38 weeks
The reference exposure group in all models were deliveries at 39-40 weeks.
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CHAPTER FIVE:
DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

Summary of Main Results
A population-based retrospective cohort study of over 616,000 live-born full-term
singleton infants was conducted to investigate the association between elective early term
delivery and subsequent infant morbidity, mortality, and health care utilization in the first year of
life. Data were examined from a statewide, multi-year, clinically-enhanced database created by
linking birth certificate records to maternal and infant hospital discharge records, and to infant
death certificates, for all infants born to Florida-resident mothers from 2005-09. The study was
guided by three specific aims: 1) to investigate the association between elective early term
delivery and fetal complications manifested at birth; 2) to determine the association between
elective early term delivery and infant morbidity after hospital discharge; and 3) to examine the
impact of elective early term delivery on infant survival.
Infants who were delivered by elective early term induction or cesarean section
comprised 13% of the study population, and 40% of infants born in the early term period.
Approximately 1 in every 11 infants in the study experienced at least one adverse birth
outcomes investigated in the study (respiratory morbidities, neonatal sepsis, feeding difficulties,
admission to the NICU), with significant variation by the timing and reason for delivery initiation,
and across socio-demographic, perinatal, and hospital-level characteristics. A summary of the
direction and magnitude of main adjusted measures of association generated in this study are
presented in Table 5.1 and described in subsequent sections.
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Table 5.1. Summary of the direction and magnitude of adjusted measures of association between early
elective delivery and adverse infant outcomes
EED-EI
EED-CS
ESD
EID
Outcome
RRa
RRa
RRa
RRa
Birth hospitalization
Any respiratory morbidity
↓
↑
↑
↑↑
TTN
RDS
Other respiratory
Ventilation support
Admission to the NICU
Neonatal sepsis
Feeding difficulties
Days in hospitalb
Post-birth hospitalizations
Long birth hospitalizationc or
re-hospitalization in the 1st 2 weeks
following discharge
Re-hospitalization during weeks 3-52

––
↓
↓
↓
↓
↓↓
––
↓

↑↑
↑↑
↑
↑
↑
↑
↑
↑

↑
↑↑
↑
––
↑
↑
↑
––

↑↑
↑↑↑
↑↑
↑↑
↑↑↑
↑↑
↑↑↑
↑

↑

––

↑

↑↑

↑

↓

↑

↑

Infant Mortality
Infant death
↑
↑↑
––
––
Green arrows: statistically significantly reduced risk/odds:
↓ = 0.67 ≤ RR < 1.00
↓↓ = RR < 0.67
Red arrows: statistically significantly increased risk/odds:
↑ = 1.00 < RR < 1.50
↑↑ = 1.50 ≤ RR < 2.00
↑↑↑ = RR > 2.00
Black dashes (––): no statistically significant difference from reference group (infants born at ≥39
weeks).
EED-EI = elective induction at 37-38 weeks; EED-CS = elective cesarean at 37-38 weeks; ESD =
spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 37-38 weeks;
aRR = adjusted relative risk estimate (odds ratios for binary outcomes; rate ratios for count outcomes)
bThe length of stay was calculated as the difference in days between the date of admission and the
date of discharge. In cases in which the date of discharge occurred on the same day as admission,
the assigned length of stay was 1 day.
cA long birth hospitalization was defined as one in which the infant was discharged after the mother.

Specific Aim 1
Infants who were delivered by elective early term induction experienced the lowest
likelihoods of respiratory morbidities, neonatal sepsis, and admission to the NICU when
compared to infants expectantly managed and delivered at or beyond 39 weeks. In contrast,
infants delivered by elective early term cesarean had significantly increased risks several
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adverse birth outcomes, with magnitudes ranging from a 9% to 40% increase. As expected,
infants whose early term deliveries were precipitated by medical complications of either the
mother or infant experienced the highest risk of adverse birth outcomes. Morbidity at birth
influenced hospital length of stay, with early electively-induced infants having the shortest stays.
Reproductive history modified the effect of the study exposure on birth outcomes; in particular,
the excess risk of adverse birth outcomes among infants who were delivered by elective early
term cesarean was elevated among those born to multiparous women without a previous
cesarean.

Specific Aim 2
Only 8.3% of all infants were re-admitted to the hospital after birth. Despite having the
lowest likelihood of the birth morbidities studied, infants delivered at 37-38 weeks by elective
induction had a small 10-15% increased odds of being re-hospitalized in the first year of life,
compared to infants who were expectantly managed and delivered at ≥39 weeks. These infants
also had a slightly higher mean number of visits and combined LOS during post-birth
hospitalizations, although the absolute differences from other exposure groups was small.
Elective early term cesarean infants actually had a slightly lower risk of re-hospitalization,
particularly re-hospitalizations that occurred between weeks 3-52 of life. Regardless of the
timing and reason for delivery initiation, the most common reasons for early re-hospitalization
(within the first two weeks of life) were jaundice, fever, kidney/urinary tract infections, and acute
respiratory infections. For re-hospitalizations during weeks 3-52, the most common reasons
were acute respiratory infections, pneumonia/influenza, kidney/urinary tract infections, fever,
intestinal infections, and dehydration.
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Specific Aim 3
Neonatal and post-neonatal deaths were rare events (0.3 and 1.3 deaths per 1,000 live
births, respectively) in this comparatively low-risk study population. There were slight
differences in crude mortality, with infants classified as an early medically-indicated delivery
having the worst neonatal and overall infant survival, and with early term spontaneous deliveries
having the poorest survival during the post-neonatal period. Both of these groups (EID and
ESD), compared to infants born at ≥39 weeks, had a significantly increased risk of infant
mortality after adjusting for potential confounders. There were no differences in survival when
comparing the two elective early term delivery groups (inductions and cesareans) to the ≥39
week expectant management group. The sole exception was among multiparous women
without history of a previous cesarean, in which elective early term cesarean delivery was
associated with over a 2-fold increase in risk of infant death (3.2 vs. 1.7 per 1,000), after
adjustment of confounding.

Comparison to Existing Literature
The results of many studies have suggested that elective early term inductions and
cesarean sections result in an increased risk of adverse infant birth outcomes. However, these
findings have almost entirely come from studies which failed to choose an appropriate
comparison group – namely one that incorporates the risk associated with the clinical decision
to expectantly manage a pregnancy beyond the early term period. Therefore, the increases in
risk for EED reported by these studies were likely exaggerated. A further detailed review of the
literature that has investigated the impact of the timing of delivery within term gestations, and/or
the “electiveness” of the delivery, on adverse infant outcomes was presented in Chapter 2.
In this study, the hypothesis was that infants born via elective early term induction would
have a small-to-moderate increase in risk compared to infants who were expectantly managed
and delivered at ≥39 weeks’ gestation. The results contradicted this hypothesis and showed a
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small () protective effect of EED-I compared with all FTD. The increased relative risk for elective
early term cesareans (compared to infants born ≥39 weeks) was expected to be greater than for
elective early term inductions, and the results supported this hypothesis. Further, these
complications at birth were expected to increase the likelihood, frequency, and duration of rehospitalizations in the first year of life.
Few previous studies have compared elective early term deliveries to an expectant
management group that consist of all infants who were at risk for an early elective delivery, but
whose deliveries occurred at a later gestational age. All of these studies focused on elective
induction of labor. Cheng et. al. analyzed 2005 VS Natality birth certificate files for over 442,000
pregnancies among nulliparous, low-risk women in the US (40). They compared elective
inductions to expectantly managed infants and found that infants born via elective induction had
a lower odds of being delivered via cesarean section (OR=0.90; 95% CI: 0.88-0.91), having a 5minute Apgar <7 (OR=0.81; 95% CI: 0.72-0.92), having meconium aspiration syndrome
(OR=0.30; 95% CI: 0.19-0.48), and being admitted to the NICU (OR=0.87; 95% CI: 0.78-0.97).
Although their findings supported improved outcomes for elective induction, they are not directly
comparable to this study since the authors compared elective induction at 39 weeks rather than
early term (37-38 week) elective induction.
More recently, Darney et. al. analyzed data from a large 2006 statewide dataset in
California that was similar to our study, as it contained linked birth, infant death, and hospital
discharge records (37). They also used the Joint Commission’s list to identify elective
inductions. Infants electively induced, at each term week of gestation, were compared to an
expectant management group consisting of infants who were delivered at later gestational ages
but whose mother had no antepartum indications for early delivery. The adjusted odds of most
infant outcomes (perinatal mortality, respiratory distress, macrosomia, and NICU admission,
transfer, or length of stay greater than mother’s) were either no different or lower with elective
induction compared to expectant management. Although they excluded infants born after 42
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weeks of age and infants born to women with a history of a prior cesarean (whom are included
in our study), and implemented a slightly different strategy for identifying the expectant
management group, their adjusted ORs were similar to those reported here.
The study with the most comparable exposure group definitions was a retrospective
cohort study among all term singleton infants at a single California institution between 1995 and
2004 (38). Data were extracted from a perinatal database in which records from routine medical
chart review were matched to administrative discharge records. As in our study, the primary
exposure of interest was elective delivery before 39 weeks (although the focus was on
inductions only, and mothers with prior cesareans were excluded), and the comparison group
consisted of infants delivered at ≥39 weeks, regardless of final delivery route or reason for
initiation of delivery (i.e., expectant management group). The early induction group did not
experience a statistically significantly increased risk for any neonatal outcome (perinatal
infection: OR=1.29, 95%CI: 0.76-2.19; respiratory problems: OR=1.41, 95%CI: 0.80-2.48). A
major limitation of this study was that it only had 125 infants who were part of the elective early
term induction group and was thus underpowered to detect differences in the odds of rare infant
outcomes. In summary, although our findings of a reduced odds of respiratory morbidities,
neonatal sepsis, and admission to the NICU among elective early term inductions contradicts
much of the published literature, our results are in general agreement with the few studies that
have used a methodologically appropriate comparison group (i.e., infants born from expectantly
managed pregnancies).
There are no large studies that have investigated the risk of adverse infant outcomes
among elective early term cesareans versus an expectant management group. The increased
odds of adverse outcomes that were observed in our study are similar to the findings of other
studies that have investigated the impact of the timing of delivery, particularly among repeat
cesareans since expectant management does not often result in a large change in the final
delivery outcome (16, 82). In our study, 82.6% of early term and 83.5% of later term infants
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whose mothers had a history of a prior cesarean were ultimately delivered by unlabored
cesarean. Therefore, among this subpopulation, the primary difference in delivery outcome was
the timing of delivery, which is what most other studies used as a basis for comparison.

The Study’s Unique Contribution to Understanding Infant Outcomes of Elective Early
Term Delivery
This study contributes significantly to the understanding of the impact of elective early
term delivery on infant morbidity, mortality, and health care utilization. Most importantly, it
contributes the results of a large, population-based retrospective cohort study to a small number
of studies that have appropriately compared exposure groups that represent the clinical
management options facing clinicians and families, elective early term delivery or expectant
management (37, 38, 40, 41). Second, the study leverages a longitudinally linked database that
results in a more accurate identification of elective deliveries, study outcomes, and potential
confounders than other studies relying on administrative data. Third, this study has not only
compared two types of early term deliveries (inductions and cesareans) to later term deliveries,
but has also compared other subtypes of early term deliveries (spontaneous, medicallyindicated) in an effort to clarify the aspects of early term delivery that may be associated with
health-related events in early infant life. The study also assesses whether the effect of elective
early term deliveries on each outcome varies according to a woman’s reproductive history. It is
among the first studies, and certainly the largest, to characterize and compare the reasons for
post-discharge hospitalizations and causes of mortality across groups that differ by both timing
of delivery (week in gestation) and reason for initiation of delivery (spontaneous, elective,
indicated). Lastly, the study has incorporated data from over 125 birthing facilities that have
significant variability in their size, patient admixture, level of perinatal care, and quality
improvement protocols and incentives regarding the reduction of elective deliveries prior to 39
weeks. Thus, these results are more generalizable than the majority of published studies.
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The Implications of Study Findings
Methodological
In the past 5 years, there has been a dramatic increase in research studies that have
investigated the effects of timing of delivery (early vs. late, or week of gestation) and reason for
delivery initiation (spontaneous vs. elective) on outcomes of term births (≥37 weeks).
Weaknesses and inconsistencies have lessened their collective quality and usefulness. First, as
articulated in the findings of a systematic review by Caughey and colleagues (14), nearly all
observational research has used a control group (later term infants born following spontaneous
initiation of labor) that fails to reflect the actual clinical decision facing clinicians and families.
Second, studies also have used a wide variety of methodologies, many difficult to replicate, to
distinguish between elective and medically necessary deliveries, making comparison of findings
across studies difficult. Third, due to either restrictive data sources, unavailability, or small
sample size many studies have been unable to generate risk estimates that adjust for a wide
range of known or suspected confounders at the maternal, infant, and hospital levels. Finally,
many studies were unable or failed to compare their findings across important population
subgroups, such as those that differ by parity or history of a prior cesarean section.
This study implemented a transparent, replicable methodology for first excluding infants
whose mothers had established conditions that would justify delivery prior to 39 weeks, and
then defining exposure on the basis of the timing and reason for delivery initiation. It began by
leveraging an established list of criteria created to assess a key national quality core measure
for perinatal care and designed for use with observational data that included ICD-9-CM codes
from hospital discharge data (59). Then, the list was partitioned into conditions that could/should
have been known throughout pregnancy and those that would have been known only
immediately prior to labor/delivery (60). Identification of conditions was then improved relative to
previous observational studies through the use of a multi-source linked study database.
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The most important methodological decision was identification of the appropriate
comparison group. As a small but growing number of studies on elective early term delivery
have implemented (37, 38, 40, 41), the various early term groups in this study were compared
to an expectant management group of infants delivered at ≥39 weeks who were at risk for an
elective delivery during the 37-38 week period. Studies using a comparison group of only
spontaneous deliveries are flawed because they inherently assume that the counterfactual
(what would have happened without elective delivery at 37-38 weeks) would have been
spontaneous labor at ≥39 weeks. In the present study fewer than 40% of 39+ week infants were
born via a spontaneous delivery. Thus, such a comparison group both fails to consider the
potential for an elective induction or planned cesarean at 39+ weeks, and ignores the potential
for pregnancy complications to develop while in the expectant management phase. The result is
a marked underestimation of risk in the “unexposed control” group and, thus, an overestimated
risk of adverse outcomes associated with elective early term delivery (39).
Finally, as discussed in more detail in the “Study Strengths” section of this chapter, this
study improved significantly the breadth of the investigation into the effects of elective early term
delivery by comparing early inductions and cesareans not only to an expectant management
group, but also to other early term births that were not elective, including spontaneous and
medically-indicated deliveries. Furthermore, outcomes were analyzed not only for the entire
study population, but also for infants born to nulliparous women, multiparous women with no
prior cesarean, and women with a prior cesarean separately.

Clinical and Public Health Practice
The most significant contributions of this study to clinical and public health practice were
the results observed among infants born to women undergoing elective early term induction. In
contrast to the finding that elective cesarean delivery is associated with an increased risk of
adverse birth outcomes, there was no increased risk of morbidity or mortality for infants
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delivered by elective induction at 37-38 weeks in this study. In fact, in this large, populationbased multiethnic cohort, elective early term induction significantly decreased the risk of several
adverse infant outcomes compared to expectant management. These results agree with the
findings of several previous studies (37, 40, 41). Even after stratifying by reproductive history,
we found a significantly reduced odds of all adverse birth outcomes for elective early term
inductions among nulliparous women and no difference in risk from infants delivered at ≥39
weeks among multiparous women without a previous cesarean section.
The reason our findings are significant is because, as described in Chapter 1, the past
two decades have experienced a shift in the gestational age distribution in the US towards
earlier gestations, and a concomitant increase in obstetrical intervention. The evidence provided
by observational studies, most with an improperly low risk comparison group, was that elective
early term delivery was a likely contributor to infant respiratory complications and other
morbidities, an increased risk of NICU admissions, and possibly and increased risk of death. In
response, the past 5-7 years has been filled with a largely accepted and growing concern
among obstetricians, pediatricians, hospital administrators, public health professionals and
organizations, and the general public that non-medically indicated deliveries, of any kind, prior
to 39 weeks’ gestation are associated with poorer infant outcomes (140) and should be
prevented. A number of health care delivery systems have designed and implemented
strategies to decrease the frequency of all elective deliveries before 39 weeks gestation and
many have been successful in significant reductions (1, 18, 23, 58, 141). The most successful of
these strategies is a “hard stop” policy in which purely elective inductions and primary or repeat
cesarean deliveries at <39 weeks would be prohibited (23).
The results of this study raise the concern that these public health efforts to reduce
elective early term inductions were based on biased evidence from a limited number of studies
in which artificially elevated risks for early electively-induced infants were reported. In stark
contrast to the current dogma, this study found that when a methodologically appropriate
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comparison group was used (i.e., expectant management), elective induction prior to 39 weeks
was NOT associated with an increased risk of any adverse infant outcomes in early life. The
consistency of findings among this large study and previous smaller studies that have
accurately reflected the real-world decision clinicians and patients face about elective delivery
vs. expectant management can provide an important contribution to on-going discussions as to
whether our actions concerning elective early term induction of labor are patient-centered and
evidence-based (37, 40, 41).
The results of this study do support the avoidance of purely elective cesarean sections
prior to 39 weeks in lieu of expectant management. Infants in the elective early term cesarean
group born to nulliparous women experienced a 20-50% increased odds of adverse birth
outcomes. Among infants born to multiparous women with only a history of vaginal delivery,
elective early term cesarean delivery was associated with greater than a two-fold increased
odds of respiratory morbidities, admission to the NICU, and infant mortality. Although the
prevalence of elective early term cesarean was relatively rare among nulliparous (2.8%) and
vaginal-only multiparous women (1.3%) in our study population, it was extremely common
(37.9%) among women with a prior cesarean delivery, despite the data supporting a 22-30%
increased odds of respiratory morbidities, neonatal sepsis, feeding difficulties, admission to the
NICU, and a long hospital LOS compared to continuing the pregnancy to ≥39 weeks.

Future Research
Despite a growing body of literature, methodological deficiencies and biases, limited
study populations, and weaknesses in the validity, reliability, and scope of study databases,
more research is needed to understand the etiologic relationship between elective early term
delivery (both inductions and cesareans) and maternal-fetal-infant outcomes. Large, prospective
follow-up studies are needed that implement an accurate approach to gestational age
determination, meticulously document the timing and onset of pregnancy complications, capture
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all reasons for initiation of delivery (e.g., medical indications, patient/physician preference),
assess the full range of infant outcomes (including stillbirth), and collect information on all
known or suspected confounders. During this time, the indications that would justify early
delivery should be updated continually, based on clinical evidence. More research is also
needed to investigate post-birth morbidity and the need for medical care that is a result of
events that transpired at birth. Finally, for health care systems that have already implemented
initiatives to reduce elective early term delivery, a thorough, unbiased assessment of the
initiative’s impact on maternal and infant outcomes should be performed.

Study Limitations
Interpretation of the results of this study should consider several limitations. Many of
these issues are common among observational studies that have investigated predictors and
outcomes associated with the timing of delivery or the reason for delivery initiation (24, 30, 37,
40, 60, 77, 142). This study has attempted, when possible, to minimize limitations or assess the
potential impact of suspected biases.

Reliance on Administrative Data
This study relies exclusively on a multi-year longitudinal database created by merging
several data sources together, including birth certificates, infant death certificates, and inpatient
hospital discharge data (97). None of these data sources was collected or processed with the
intent of addressing the specific aims of this (or any) study. Thus, the breadth of data collected,
reporting protocols, and overall quality improvement and assurance standards may lead to
variable and suboptimal data accuracy and reliability (these issues are addressed in detail
below). However, large, routinely-collected data repositories provide an opportunity to design
studies that answer a wide range of research questions within large populations without the high
fiscal and human resource requirements, nor the participant burden that can be typical among
152

prospective studies with primary data collection (143-145). In fact, the use of real world
observational data from administrative and clinical databases is increasing in epidemiologic,
clinical, and comparative effectiveness research (145).

Misclassification of Timing of Delivery (Gestational Age)
Since timing of delivery is an important determinant of exposure classification in this
study, its accurate measurement is of paramount importance. Due to its reliance on previouslycollected administrative data, the study could not follow the recommended clinical approach for
determination of gestational age (Figure 2.1). As described in Chapter 3, this study instead
relied on a modified version of an established standard methodology employed by the NCHS.
Only the LMP was used to assign gestational age; the CE, although available, was not
incorporated into the estimation algorithm. Many studies have evaluated the relative accuracy
and reliability of the LMP and CE (49, 51, 52, 113, 115, 146-151). Although the LMP-based
estimate is prone to measurement error due to 1) variations in the length of a woman’s
menstrual cycle, 2) non-menstrual bleeding in the early stages of pregnancy, and 3) recall
inaccuracies, its errors are likely to be more random and less systematic than the CE (52). More
importantly, the CE assignment is significantly more likely to be influenced by infant birth
outcomes than the LMP. Ideally, the CE is assigned based on an early ultrasound or obstetric
measures (e.g., fundal height). However, in many cases the CE is based only on a postnatal
assessment of the newborn (52), a situation more likely to occur for particular sociodemographic subgroups (e.g., minorities, low socioeconomic status, late or no entry into
prenatal care). Thus, lower infant birth weight or presence of respiratory morbidities could result
in a systematic downward bias in gestational age estimation, making it more likely for 39-week
infants with worse outcomes to fall in the early term period (which would exaggerate any
adverse effects of EED), or sicker 37-38 week infants to be classified as preterm and
erroneously excluded from the study (which would underestimate any adverse effects of EED).
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Since the method used to assign the CE is not captured by vital or hospital discharge records,
the potential threat to internal validity was deemed too high to incorporate the CE into the
gestational age estimation algorithm.
As mentioned in Chapter 4, a sensitivity analysis was performed on the subgroup of
infants whose LMP and CE-based estimates of gestational age were in exact concordance. In
the absence of a gold standard, this has been argued to result in a cohort of infants with a more
accurate measurement of gestational age (40). Study findings remained largely unchanged
within this analytic subgroup, increasing confidence that any misclassification of gestational age
did not bias the final measures of effect.

Misclassification of the Reason for Delivery Initiation
In addition to timing of delivery, exclusions were made (established pregnancy
conditions warranting elective delivery before 39 weeks) and the study exposure was assigned
based on the reason for delivery initiation (elective induction, elective cesarean, spontaneous,
or medically-indicated). Both the methodology chosen and the variables used to implement the
methodology could have an impact on the potential misclassification of this construct. First, the
Joint Commission’s list was used as a basis to identify conditions that would exclude an infant
from the study if his/her mother had an established medical condition existing prior to labor and
delivery (Table 3.1). From the list, complications that occurred immediately before the
labor/delivery process (Table 3.2), were identified and used to distinguish between early term
deliveries that were medically-indicated and other early term deliveries. Although the Joint
Commission’s list is used in assessing national quality core measures for perinatal care and is
commonly viewed as the reporting standard (59), there may be conditions missing from the list
that were in fact indications for early delivery in the study (which would include infants in the
study that should be excluded), or include conditions that may not be an acceptable indication
(which would exclude infants that should be in the study) (60).
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Second, the aforementioned list is based on ICD-9-CM diagnosis codes available in
hospital discharge records. Although the linked nature of the study database permitted a more
accurate identification of each condition, omissions or errors in code assignment may have
resulted in infants born to women with known, high-risk indications for early delivery being
retained in the study. As pointed out by Cheng et. al., these high-risk infants are more likely to
be delivered early via induction or planned cesarean; thus, their retention in the study would
serve to exaggerate any risk associated with elective early term inductions or cesareans (40).
Third, although an attempt was made to distinguish between established conditions that
would be known throughout pregnancy and would justify delivery before 39 weeks and those
that arise immediately before the labor/delivery process, all conditions are identified from the
maternal delivery record and the data do not permit an assessment of when they first
diagnosed. Thus, there is potential for misclassification of infants into an elective delivery group
when, in fact, knowledge of existing complications would have justified the early delivery based
on medical necessity. However, the lists of conditions were carefully selected to minimize the
potential for this type of misclassification to occur.
As illustrated in Figure 3.2, accurate classification of exposure also relies on a “trial of
labor” variable present on the birth certificate, but not captured in the hospital discharge data.
This variable is used to classify cesarean-delivered infants into either the spontaneous group
(trial of labor indicated) or the planned/elective cesarean section group (trial of labor not
indicated). Similarly, a series of hospital procedure codes for induction of labor were used to
differentiate between elective inductions and other early term groups. As other studies have
reported (37, 88), under-documentation of a trial of labor on the birth certificate or an induction
in the maternal delivery record would result in misclassification of early term exposure groups.
This would lead to under- or over-estimation of relative risk estimates, depending on the
direction of the misclassification and the outcome. For example, if the procedure codes
representing induction of labor were omitted and thus failed to capture inductions, lower-risk
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early term inductions would be classified as either a spontaneous delivery, planned cesarean, or
medically-indicated delivery. This would lead to the observed benefits of early elective
inductions being underestimated.

Misclassification of the Outcomes
All of the outcomes in this study (e.g., respiratory morbidities, neonatal sepsis) were
identified using either one or a combination of ICD-9-CM diagnosis codes, ICD-9-CM procedure
codes, dichotomous indicators on the birth certificate, or in the case of NICU admissions, billed
charges during the hospital stay. Thus, misclassification of cases as non-cases, and vice-versa
may have impacted study results. Since all infants included in the study are born at ≥37 weeks,
it is not expected that under- or over-diagnosis of any outcome would be significantly different
across exposure levels. Therefore, the anticipated impact of misclassification of outcome would
be to conservatively bias the measures of association observed in the study towards the null.

Inability to Incorporate the Risk of Intrauterine Death, Stillbirth
The study database did not capture information on fetal deaths and stillbirths that may
have occurred while expectantly managing pregnancies at 37-38 weeks until ≥39 weeks. A
recent 10-year study in California estimated the stillbirth rate at 37 and 38 weeks to be 2.1 and
2.7 per 10,000 “ongoing pregnancies”, respectively (152). Thus, in the present study only 19
stillbirths among the elective early term inductions (n=8) and cesarean sections (n=11) would
have been expected during the 5-year study period if those pregnancies had been expectantly
managed to at least 39 weeks.

Inclusion of Late Term and Postterm Births in the Comparison Group
In this study, the methodology used to classify exposure was adopted in an effort to
capture the underlying choice facing clinicians, patients, and families: initiate elective early term
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delivery now or continue the pregnancy. Thus, the comparison group was defined to capture
infants who would have been eligible for an elective early term delivery but who were not
delivered until ≥39 weeks. In order to capture the complete distribution of possible delivery
outcomes among the expectantly managed group, this definition included infants born during
the late and postterm periods. However, current clinical practice supports the use of elective
induction at or beyond 41 weeks’ gestation to reduce the likelihood of cesarean delivery and
adverse maternal and infant outcomes (14, 22, 40). Infants born at 41+ weeks may be at
increased risk for adverse outcomes, and although they make up only 25% of the comparison
group, their inclusion may underestimate the adverse effects of elective early term delivery.
Thus, as described in Chapter 4, a sensitivity analysis was performed that excluded from the
comparison group infants born during the late or postterm periods (41+ weeks). The results
were nearly identical to those observed when using the entire 39-44 week comparison group,
suggesting that no significant bias was introduced by including 41+ week deliveries in the
comparison group.

Unavailability of Important Variables, Residual and Unmeasured Confounding
Observational study designs, particularly those relying on existing data not collected with
the study objectives in mind, are often susceptible to residual and unmeasured confounding.
Although an attempt was made to control for a wide range of socio-demographic, perinatal, and
hospital factors in multivariable models, other known and unknown factors were not available in
this study (e.g., maternal preferences or perceptions for elective early term delivery, frequency
and intensity of breastfeeding or other healthy behaviors, (40)) or were inadequate at capturing
the desired, underlying construct (maternal education and per-capita income do not completely
capture socioeconomic status). Women undergoing elective early term delivery were, in
general, more likely to be NH-white or Hispanic, older, married, have higher levels of education,
receive adequate or intensive prenatal care, and have access to private health care insurance
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(60). This represents a healthier subgroup, and inadequate control for those characteristics
could underestimate adverse outcomes or exaggerate the beneficial effect of elective early term
deliveries (37). This study, however, was able to control for a wider range of individual and
hospital-level confounders than most previous studies.

Impact of Exclusion Criteria on Generalizability
To maximize the internal validity of this study to determine the association between
elective early term delivery and subsequent infant morbidity and mortality, a number of
exclusions were necessary. Since the study focuses on singleton infants born at 37-44 weeks’
gestation who were at risk for an elective early term delivery, infants born as part of a multiple
birth, born preterm, or born to a mother who had medical conditions that could have justified
elective delivery prior to 39 weeks, or with documentation of drug or alcohol use during
pregnancy, were excluded. We also excluded infants born in hospitals with <100 births per year
since this study was designed to focus on outcomes that occur at routine delivery hospitals.
Finally, over 83,000 infants were excluded due to missing information on gestational age, which
was required to define the study exposure. In this study, gestational age was more likely to be
missing for infants born to women with late/no entry into prenatal care, women with lowers
levels of income and education, NH-black women, and women less than 20 years of age. The
findings of this study are not generalizable to these excluded sub-populations.

Study Strengths
Despite these limitations, these results are based on a large, multiethnic, populationbased cohort of infants followed prospectively to capture not only fetal complications manifested
at birth, but also morbidity and mortality occurring throughout the first year of life. The
conceptualization and operationalization of the exposure most accurately reflects clinical
decisions that must be made, and the study database includes information from over 125
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hospitals whose practices and protocols regarding elective early term deliveries better reflects
the variation that exists at the national level.

Choice of Comparison Group that Reflects Clinical Management Options
Most previous research investigating elective early term inductions or primary/repeat
cesarean sections have selected as a comparison group that includes only infants born
following spontaneous delivery. However, the outcome(s) of expectant management of
pregnancy into the 39th week and beyond are unknown, and any beneficial or adverse effects of
elective early term delivery are entirely dependent on the events that transpire during this “wait
and observe” phase (37-40, 153). By comparing early elective deliveries to what may best the
lowest risk group ignores the potential for elective induction, planned cesarean section,
development of late-onset pregnancy complications, late or postterm delivery, and risk of
stillbirth in women who are expectantly managed. In the present study, only 37.6% of infants
born at ≥39 weeks’ gestation were delivered after uncomplicated spontaneous delivery. Nearly
one-fourth (24.4%) were delivered at late or postterm dates and 8.5% developed late-onset
pregnancy complications immediately before labor/delivery, and the likelihood of adverse
outcomes differed substantially across these group (data not shown). Thus, the use of a more
appropriate comparison group in this study provides a more accurate, evidence-based
assessment of the impact of the decision to deliver electively at 37-38 weeks on infant
outcomes.

Use of a Population-Based, Longitudinal, Multi-Source, Linked Database
The database used in this study has been validated (97) and used extensively in
etiologic, comparative effectiveness, methodological, and surveillance-based research (73, 125,
154, 155). It consists of resident live births that occur in non-military hospitals in Florida. Florida
has a large, diverse population with representation from a variety of minority groups, including
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Hispanic subgroups (Cuban, Puerto Rican, Central/South American). In this study, over half of
the study population was non-White, and 30% were foreign-born. Thus, the results are largely
generalizable to the US population of infants born within a hospital setting. The study also
leverages both vital records and hospital discharge records to capture information on exposure,
outcomes, and potential confounders or effect modifiers. The use of multi-source, linked
databases has been shown to improve validity and reliability of information and reduce the
likelihood of information biases (98, 143-145, 156-159), and this database has already been
used to investigate maternal and hospital characteristics of elective early term deliveries (60).
Lastly, the database was created by linking together maternal and infant records to establish
baseline events at delivery/birth, and then longitudinally linking hospitalizations for infants
through at least the first year of life. Unlike most of the previous research on elective early term
delivery, this study was capable of investigating not only morbidity and mortality and birth, but
also the frequency, duration, and reasons for illness after birth.

Large Sample Size
With a sample size of over 616,000 infants, this is the largest study in the US to
appropriately compare elective early term deliveries to expectant management on the risk of
infant morbidities in the first year of life. In 2012, Cheng et. al. studied over 300,000 infants, but
used only vital records to capture socio-demographic and clinical data, and focused on induction
at 39 weeks versus expectant management (40). The largest study to date leveraging linked
vital records and hospital discharge data and focusing on elective early term delivery versus
expectant management was a 2013 study by Darney et. al. that included over 360,000 infants
(37). Since most of the adverse outcomes among infants born at ≥37 weeks are rare, many
studies site inadequate statistical power, particularly for extremely rare outcomes like infant
mortality. The large sample size in this study permitted not only investigation of rare outcomes,
but control for a wide range of factors in multivariable models, stratified analyses by an
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important effect measure modifier (maternal reproductive history), and conduct of sensitivity
analyses that, themselves, have the statistical power to determine the impact of potential threats
to internal validity.

Representation from Hospitals with Variation in Practices and Protocols
Many previous studies have been conducted at a single institution or using data from a
single HMO and do not adequately reflect the considerable variation across US facilities
regarding policies and procedures for scheduling inductions and cesarean deliveries. The
present study captures information from hospitals across the state that differ in their ownership
(investor-owned, not-for-profit, government-owned), birth volume, level of perinatal care, and
patient admixture. This not only adds to the generalizability of findings, but also permits
consideration of hospital-level factors’ role in the association between elective early term
delivery and infant outcomes.

Breadth of Assessment
This study is the first to compare elective early term inductions and cesareans, not only
to expectantly managed pregnancies delivered at ≥39 weeks, but also to other subtypes of
deliveries in the early term period (spontaneous and medically-indicated). This exposure
classification scheme has helped to clarify the aspects of early term delivery that may be
associated with health-related events in early infant life. Moreover, most studies have been
restricted to nulliparous women or women with a previous cesarean section (16, 30, 48, 79).
The size of this study permitted investigation of the effect of exposure on infant outcomes
among the entire study population and among infants born to nulliparous women, multiparous
women without a prior cesarean delivery, and women with a prior cesarean delivery,
respectively.
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Take Home Message
On balance, the strengths of this study far outweigh the limitations. Our results were
materially unchanged after sensitivity analyses designed to assess the method used to measure
gestational age and the choice of comparison group. Validity of the main exposure and outcome
measures was high. Any misclassification of study variables was likely non-differential and thus
biased measures of effect toward the null. This study improves upon methodological and size
limitations of previous research and suggests that the effect of elective early term delivery on
infant morbidity and mortality differs by subtype. The results add to a small but growing body of
literature that has found elective early term induction of labor to have improved infant birth
outcomes, and no increased risk of infant mortality, compared to expectant management until
≥39 weeks. In contrast, the increased odds of adverse infant outcomes that were observed in
our study among elective early term cesarean sections are similar to the findings of other
studies.
The issues that surround the timing and reasons for delivery initiation are complicated
and each pregnancy unique. As summarized by Clark et. al., “Indeed, because this issue
involves both significant human and economic costs, the campaign against elective early term
delivery seems to have developed rapidly into a juggernaut the intensity of which has been
rivaled by very few practice improvement efforts in recent memory” (140). If guided by sound
evidence, such a collective reaction to a potential major public health problem that has the
potential to adversely impact some of our most vulnerable populations is welcomed and
refreshing. However, as the US healthcare system undergoes major reform, there is a dire need
for effective, evidence-based approaches to improving the quality and longevity of human life.
The evidence presented in this large, methodologically-sound study should caution against a
general avoidance of ALL elective early term deliveries, and foster support for continued
research in this still relatively new arena.
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Bureau of Vital Statistics
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Appendix C. Prevalence of established pregnancy conditions present prior to labor/delivery that would justify elective delivery prior to 39 weeks (exclusion criteria), by selected sociodemographic, perinatal, and hospital characteristics
Any
HIV
Previa
HTN-E
HTN-G
Pre-ecl
Eclamp
Renal
Liver
Diab-E
Diab-G
CHD
Characteristic
%
%
%
%
%
%
%
%
%
%
%
%
Overall
22.20
0.23
0.42
2.70
6.30
2.50
0.21
0.15
0.10
1.10
6.10
0.06
Maternal age (years)
<20 years
18.50
0.15
0.14
1.30
7.80
4.00
0.32
0.19
0.06
0.35
1.90
0.07
20-34 years
21.40
0.24
0.38
2.40
6.20
2.40
0.20
0.15
0.10
1.00
5.70
0.05
≥35 years
29.10
0.23
0.81
4.90
6.10
2.20
0.23
0.13
0.14
2.00
11.20
0.05
Maternal race/ethnicity
Non-Hispanic white
23.10
0.06
0.43
2.50
6.90
2.50
0.20
0.17
0.09
0.96
5.90
0.07
Non-Hispanic black
23.50
0.83
0.32
4.50
7.60
3.40
0.30
0.12
0.13
1.40
5.30
0.04
Hispanic
19.50
0.10
0.44
1.70
4.70
2.20
0.19
0.15
0.07
1.10
6.20
0.05
Other
22.10
0.09
0.54
1.80
4.20
1.70
0.14
0.10
0.29
1.30
10.70
0.04
Maternal country of birth
US-born
23.00
0.25
0.39
2.90
7.10
2.80
0.23
0.16
0.08
1.10
5.60
0.06
Foreign-born
20.30
0.19
0.49
2.00
4.50
2.00
0.19
0.12
0.15
1.10
7.40
0.04
Marital status
Married
22.90
0.10
0.50
2.70
6.00
2.20
0.19
0.15
0.09
1.20
7.10
0.06
Unmarried
21.30
0.40
0.31
2.60
6.80
3.00
0.25
0.16
0.12
0.97
4.80
0.06
Adequacy of prenatal care
Adequate/Intensive
24.90
0.17
0.50
3.10
7.10
2.70
0.22
0.18
0.09
1.40
7.40
0.06
Intermediate
20.20
0.24
0.36
2.30
5.90
2.40
0.21
0.13
0.11
0.86
5.20
0.06
Inadequate/None/Missing
19.90
0.36
0.36
2.40
5.40
2.50
0.22
0.11
0.15
0.92
5.10
0.04
Reproductive history
Nulliparous
20.50
0.44
0.32
2.20
6.00
2.70
0.24
0.15
0.15
1.10
5.20
0.05
Multiparous, no previous CS
22.20
0.32
0.39
2.90
6.60
2.80
0.22
0.15
0.11
1.10
6.00
0.05
Multiparous, previous CS
22.80
0.10
0.47
2.70
6.30
2.30
0.20
0.15
0.08
1.10
6.50
0.06
Maternal education
Less than high school
20.50
0.44
0.32
2.20
6.00
2.70
0.24
0.15
0.15
1.10
5.20
0.05
High school diploma/GED
22.20
0.32
0.39
2.90
6.60
2.80
0.22
0.15
0.11
1.10
6.00
0.05
More than high school
22.80
0.10
0.47
2.70
6.30
2.30
0.20
0.15
0.08
1.10
6.50
0.06
Principal source of payment
Private Insurance
21.30
0.38
0.32
2.70
6.40
2.70
0.22
0.14
0.13
1.10
5.40
0.06
Medicaid
23.30
0.08
0.51
2.80
6.40
2.40
0.21
0.16
0.06
1.10
6.80
0.06
Self-pay
18.80
0.25
0.39
1.80
4.80
2.30
0.20
0.13
0.18
0.89
6.40
0.04
Other
28.60
0.33
0.46
3.40
7.00
2.90
0.20
0.20
0.12
1.70
6.40
<0.01
Per-capita income
<$20,000
22.00
0.40
0.35
3.00
6.60
2.90
0.26
0.14
0.10
1.20
5.90
0.06
$20,000-$29,999
22.50
0.19
0.43
2.70
6.40
2.50
0.20
0.15
0.10
1.10
6.40
0.06
≥$30,000
21.70
0.09
0.48
2.10
5.60
2.20
0.18
0.17
0.11
0.81
5.80
0.05
Pre-pregnancy body mass index
Underweight
17.30
0.19
0.42
0.75
3.50
1.80
0.16
0.15
0.11
0.39
2.80
0.08
Normal
17.90
0.18
0.45
1.10
4.40
2.00
0.15
0.15
0.10
0.52
3.80
0.06
Overweight
23.10
0.24
0.43
2.60
7.00
2.80
0.23
0.15
0.09
1.10
6.90
0.06
Obese-I
29.50
0.28
0.36
4.80
9.60
3.60
0.29
0.15
0.10
2.00
10.20
0.04
Obese-II, III
38.70
0.42
0.31
10.10
13.20
4.30
0.43
0.16
0.12
3.70
14.10
0.05
Missing
22.70
0.26
0.35
2.70
6.20
2.30
0.27
0.14
0.10
1.20
6.40
0.04
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Appendix C (Continued)
Any
HIV
Previa
HTN-E
HTN-G
Pre-ecl
Eclamp
Renal
Liver
Diab-E
Diab-G
CHD
Characteristic
%
%
%
%
%
%
%
%
%
%
%
%
Maternal tobacco use
Yes
23.70
0.38
0.41
2.70
5.90
2.00
0.15
0.17
0.25
1.20
5.70
0.07
No
22.10
0.21
0.42
2.60
6.40
2.60
0.22
0.15
0.09
1.10
6.20
0.05
Infant sex
Male
22.20
0.22
0.43
2.70
6.40
2.60
0.22
0.15
0.11
1.10
6.20
0.05
Female
22.20
0.23
0.41
2.70
6.20
2.50
0.21
0.15
0.10
1.10
6.00
0.06
Infant year of birth
2005
21.10
0.22
0.44
2.50
6.10
2.50
0.20
0.15
0.09
1.10
5.60
0.05
2006
22.20
0.22
0.43
2.50
6.10
2.50
0.18
0.14
0.11
1.10
6.10
0.06
2007
22.60
0.22
0.40
2.50
6.30
2.50
0.19
0.15
0.10
1.10
6.30
0.05
2008
22.50
0.23
0.41
2.90
6.40
2.60
0.17
0.16
0.11
1.00
6.30
0.05
2009
22.50
0.26
0.41
2.90
6.60
2.70
0.34
0.16
0.10
1.10
6.20
0.05
Hospital annual birth volume
100-499 births
23.30
0.08
0.52
2.60
8.00
2.20
0.26
0.15
0.16
1.00
6.00
0.03
500-999 births
20.40
0.11
0.35
2.30
6.30
2.50
0.24
0.15
0.08
0.85
5.70
0.04
1,000-1,999 births
19.40
0.09
0.41
2.20
5.80
2.10
0.16
0.14
0.08
0.78
5.80
0.03
≥2,000 births
23.40
0.30
0.43
2.90
6.50
2.70
0.23
0.16
0.11
1.20
6.30
0.07
Hopsital Perinatal Care Level
Level 0, 1
21.20
0.07
0.38
2.30
6.40
2.20
0.19
0.14
0.07
0.82
5.70
0.03
Level 2
19.90
0.10
0.41
2.20
5.60
2.30
0.15
0.14
0.09
0.85
5.90
0.03
Level 3
24.60
0.43
0.45
3.20
6.80
3.00
0.28
0.17
0.13
1.40
6.60
0.09
Hospital % Nurse-Midwife Births
<20%
21.90
0.22
0.42
2.70
6.20
2.70
0.21
0.15
0.10
1.10
6.00
0.06
20-29%
23.30
0.29
0.38
2.60
6.90
2.10
0.29
0.19
0.10
1.10
6.90
0.04
≥30%
22.70
0.23
0.42
2.40
6.40
1.90
0.12
0.13
0.09
1.00
5.80
0.07
Any=any established pregnancy condition present prior to labor/delivery that would justify elective delivery prior to 39 weeks; HIV=human immunodeficiency virus; Previa=placenta
previa; HTN-E=existing hypertension complicating pregnancy; HTN-G=gestational hypertension; Pre-ecl=pre-eclampsia; Eclamp=Eclampsia; Renal=renal disease in pregnancy;
Liver=liver and biliary tract disorders in pregnancy; Diab-E=existing diabetes complicating pregnancy; Diab-G=gestational diabetes; CHD=congenital cardiovascular disorders
complicating pregnancy
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Appendix C (Continued)
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing

Any
%
22.20

CVD
%
1.10

Coag
%
0.23

Lie
%
1.40

CNS
%
0.05

Chrom
%
0.09

Damage
%
0.02

Anomal
%
0.59

Isoimm
%
2.30

FetDem
%
0.03

Growth
%
1.40

Histy
%
1.10

18.50
21.40
29.10

0.52
1.10
1.90

0.14
0.22
0.34

1.00
1.30
1.90

0.06
0.05
0.04

0.05
0.06
0.26

0.03
0.02
0.02

0.70
0.57
0.61

2.00
2.30
2.50

0.03
0.03
0.04

2.10
1.40
1.20

0.47
1.10
1.40

23.10
23.50
19.50
22.10

1.40
0.77
1.00
0.77

0.30
0.17
0.18
0.17

1.50
0.97
1.50
1.40

0.05
0.06
0.05
0.03

0.09
0.06
0.09
0.10

0.03
0.02
0.01
0.02

0.61
0.59
0.57
0.52

3.00
1.30
2.00
0.95

0.04
0.03
0.03
0.03

1.40
1.70
1.10
1.70

1.00
1.40
0.92
0.96

23.00
20.30

1.30
0.86

0.25
0.18

1.30
1.50

0.05
0.05

0.08
0.10

0.03
0.01

0.60
0.57

2.60
1.70

0.04
0.03

1.50
1.20

1.10
0.95

22.90
21.30

1.40
0.77

0.28
0.17

1.50
1.20

0.05
0.06

0.10
0.07

0.01
0.04

0.55
0.63

2.50
2.00

0.03
0.04

1.20
1.70

1.10
1.10

24.90
20.20
19.90

1.40
1.00
0.71

0.28
0.21
0.17

1.40
1.30
1.40

0.05
0.05
0.08

0.09
0.08
0.08

0.02
0.02
0.05

0.61
0.53
0.68

2.50
2.20
1.90

0.04
0.03
0.04

1.50
1.30
1.50

1.20
0.92
1.10

23.90
19.90
23.30

1.10
1.10
1.30

0.23
0.21
0.29

1.60
1.20
1.30

0.05
0.05
0.05

0.07
0.09
0.11

0.03
0.02
0.02

0.64
0.54
0.56

2.40
2.20
2.20

0.04
0.03
0.04

1.80
1.20
0.92

0.69
1.30
1.40

20.50
22.20
22.80

0.50
0.86
1.50

0.15
0.17
0.30

1.30
1.30
1.50

0.06
0.06
0.04

0.07
0.09
0.09

0.03
0.03
0.02

0.68
0.61
0.54

1.80
2.10
2.60

0.03
0.04
0.03

1.70
1.50
1.30

1.20
1.00
1.00

21.30
23.30
18.80
28.60

0.78
1.60
0.56
0.70

0.18
0.30
0.15
0.20

1.20
1.50
1.40
3.30

0.05
0.05
0.05
0.05

0.08
0.09
0.10
0.03

0.04
0.01
0.01
--

0.63
0.54
0.63
0.53

2.00
2.70
1.60
1.30

0.03
0.03
0.04
0.02

1.60
1.30
1.10
1.30

1.10
0.86
0.57
7.40

22.00
22.50
21.70

0.85
1.20
1.50

0.17
0.24
0.30

1.20
1.40
1.60

0.05
0.05
0.04

0.08
0.08
0.10

0.02
0.02
0.02

0.58
0.59
0.58

1.80
2.30
3.00

0.04
0.03
0.04

1.40
1.50
1.30

1.30
0.97
1.00

17.30
17.90
23.10
29.50
38.70
22.70

1.30
1.30
1.00
0.91
0.90
1.20

0.23
0.24
0.23
0.23
0.22
0.18

1.30
1.40
1.40
1.40
1.60
1.20

0.06
0.05
0.05
0.05
0.04
0.06

0.06
0.08
0.09
0.10
0.10
0.07

0.04
0.03
0.02
0.02
0.02
0.01

0.64
0.59
0.55
0.57
0.63
0.62

2.30
2.40
2.10
2.10
2.10
2.90

0.04
0.03
0.04
0.03
0.05
0.03

3.50
1.60
1.00
0.92
0.91
1.40

0.89
0.92
1.20
1.30
1.50
0.85
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Appendix C (Continued)
Characteristic

Any
%

HIV
%

Previa
%

HTN-E
%

HTN-G
%

Pre-ecl
%

Eclamp
%

Renal
%

Liver
%

Diab-E
%

Diab-G
%

CHD
%

Maternal tobacco use
Yes
23.70
0.93
0.20
1.40
0.05
0.08
0.12
0.72
2.80
0.06
2.90
1.60
No
22.10
1.20
0.24
1.40
0.05
0.09
0.01
0.58
2.30
0.03
1.30
1.00
Infant sex
Male
22.20
1.10
0.23
1.30
0.05
0.08
0.02
0.66
2.30
0.04
1.20
1.10
Female
22.20
1.10
0.23
1.40
0.05
0.09
0.02
0.51
2.30
0.03
1.70
1.10
Infant year of birth
2005
21.10
1.30
0.00
1.20
0.05
0.10
0.02
0.52
2.10
0.04
1.30
1.10
2006
22.20
1.40
0.14
1.60
0.05
0.09
0.03
0.59
2.20
0.04
1.40
1.10
2007
22.60
1.20
0.50
1.40
0.06
0.08
0.03
0.57
2.50
0.03
1.40
1.20
2008
22.50
0.97
0.22
1.40
0.05
0.08
0.02
0.57
2.50
0.04
1.40
1.10
2009
22.50
0.84
0.29
1.30
0.05
0.08
0.02
0.69
2.20
0.03
1.60
0.96
Hospital annual birth volume
100-499 births
23.30
0.70
0.15
1.90
0.04
0.10
0.04
0.23
2.50
0.09
1.90
1.10
500-999 births
20.40
0.73
0.18
1.40
0.03
0.08
0.05
0.21
2.50
0.05
1.20
0.68
1,000-1,999 births
19.40
0.97
0.22
1.40
0.02
0.07
0.02
0.25
1.60
0.04
1.40
0.68
≥2,000 births
23.40
1.30
0.24
1.40
0.06
0.09
0.02
0.77
2.50
0.03
1.40
1.30
Hopsital Perinatal Care Level
Level 0, 1
21.20
0.89
0.20
2.00
0.02
0.08
0.03
0.23
2.10
0.04
1.30
1.50
Level 2
19.90
1.10
0.18
1.10
0.02
0.07
0.02
0.26
2.30
0.03
1.30
0.54
Level 3
24.60
1.40
0.29
1.10
0.09
0.10
0.03
1.10
2.40
0.03
1.50
1.20
Hospital % Nurse-Midwife Births
<20%
21.90
1.20
0.25
1.20
0.05
0.09
0.02
0.63
2.50
0.03
1.50
0.59
20-29%
23.30
0.92
0.23
1.00
0.05
0.06
0.04
0.53
2.10
0.03
1.30
2.30
≥30%
22.70
0.98
0.14
3.00
0.03
0.09
0.02
0.38
1.60
0.04
1.10
2.70
Any=any established pregnancy condition present prior to labor/delivery that would justify elective delivery prior to 39 weeks; CVD=other cardiovascular disorders complicating
pregnancy; Coag=coagulation defects complicating pregnancy; Lie=Unstable lie of fetus; CNS=central nervous system malformation in fetus; Chrom=chromosomal malformation in
fetus; Damage=suspected damage to fetus; Anomal=other known/suspected fetal abnormality; Isoimm=isoimmunization; FetDem=fetal demise/stillborn; Growth=poor fetal growth;
Histy=pregnancy with poor obstetric history
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Appendix D. Prevalence of transient tachypnea of the newborn during the birth hospitalization,
by exposure categories
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Appendix E. Prevalence of respiratory distress syndrome during the birth hospitalization, by
exposure categories
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Appendix F. Prevalence of other respiratory morbidities during the birth hospitalization, by
exposure categories

“Other respiratory morbidities” includes diagnosis of congenital pneumonia, fetal and newborn
aspiration, interstitial emphysema and related conditions, pulmonary hemorrhage, primary
atelectasis, other/unspecified atelectasis, chronic respiratory disease, primary or other apnea,
cyanotic attacks, respiratory failure, aspiration of postnatal stomach contents, respiratory arrest,
hypoxemia, other respiratory problems after birth, and unspecified respiratory condition of fetus
and newborn.
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Appendix G. Prevalence of ventilation support provided during the birth hospitalization, by
exposure categories
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Appendix H. The frequency and rate of transient tachypnea of the newborn during the birth
hospitalization, by socio-demographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsa
616,250

Number
of cases
14,398

Cases
per 100
births
2.3

64,585
470,649
81,016

1,487
10,934
1,977

2.3
2.3
2.4

0.99 (0.93, 1.04)
1.00 (reference)
1.05 (1.00, 1.10)

290,743
122,556
171,387
29,110

7,592
2,818
3,393
543

2.6
2.3
2.0
1.9

1.00 (reference)
0.96 (0.91, 1.00)
0.80 (0.76, 0.84)
0.73 (0.67, 0.80)

429,355
186,895

10,607
3,791

2.5
2.0

1.00 (reference)
0.83 (0.79, 0.86)

348,577
267,673

8,076
6,322

2.3
2.4

1.00 (reference)
1.03 (1.00, 1.07)

256,754
271,367
88,129

5,922
6,522
1,954

2.3
2.4
2.2

1.00 (reference)
0.97 (0.93, 1.00)
0.98 (0.93, 1.03)

261,635
257,874
96,741

6,024
4,213
4,161

2.3
1.6
4.3

0.51 (0.49, 0.53)
0.36 (0.34, 0.38)
1.00 (reference)

107,683
192,348
313,970

2,517
4,655
7,191

2.3
2.4
2.3

0.93 (0.89, 0.98)
1.00 (reference)
0.94 (0.90, 0.98)

285,254
272,404
48,226
10,366

6,525
6,529
1,094
250

2.3
2.4
2.3
2.4

1.00 (reference)
1.05 (1.01, 1.09)
0.88 (0.82, 0.94)
0.98 (0.85, 1.13)

178,646
298,821
136,504

4,089
7,015
3,234

2.3
2.3
2.4

1.00 (0.96, 1.04)
1.00 (reference)
1.00 (0.96, 1.05)

30,970
313,770
139,186
61,359
37,990
32,975

647
6,870
3,398
1,661
1,147
675

2.1
2.2
2.4
2.7
3.0
2.0

0.93 (0.86, 1.01)
1.00 (reference)
1.15 (1.10, 1.20)
1.29 (1.22, 1.36)
1.43 (1.34, 1.53)
1.15 (1.05, 1.25)

47,162
569,088

1,248
13,150

2.6
2.3

1.08 (1.02, 1.15)
1.00 (reference)

313,881
302,367

9,114
5,284

2.9
1.7

1.68 (1.63, 1.74)
1.00 (reference)
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Crude OR (95% CI)b
N/A

Appendix H (Continued)
Number
of birthsa

Number
of cases

Cases
per 100
births

Characteristic
Crude OR (95% CI)b
Infant year of birth
1.07 (1.01, 1.13)
2005
122,827
2,950
2.4
2006
124,824
2,847
2.3
1.03 (0.97, 1.08)
1.09 (1.03, 1.15)
2007
125,963
2,962
2.4
1.12 (1.06, 1.18)
2008
123,320
3,012
2.4
2009
119,316
2,627
2.2
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
262
2.7
1.19 (0.87, 1.62)
500-999 births
52,448
1,216
2.3
1.16 (0.98, 1.37)
1,000-1,999 births
152,888
3,447
2.3
1.10 (1.00, 1.21)
≥2,000 births
401,210
9,473
2.4
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
173,650
3,781
2.2
0.91 (0.62, 1.33)
Level 2
194,190
4,158
2.1
1.00 (0.68, 1.45)
Level 3
248,410
6,459
2.6
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
462,306
10,922
2.4
0.96 (0.84, 1.09)
20-29%
84,754
2,087
2.5
0.95 (0.85, 1.05)
≥30%
69,190
1,389
2.0
1.00 (reference)
OR=odds ratio; CI=confidence interval
aThe number of births across levels of each characteristic may not add to the total due to missing
values.
bGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.
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Appendix I. The frequency and rate of respiratory distress syndrome during the birth
hospitalization, by socio-demographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsa
616,250

Number
of cases
3,076

Cases
per 1000
births
5.0

64,585
470,649
81,016

320
2,368
388

5.0
5.0
4.8

0.97 (0.87, 1.10)
1.00 (reference)
0.92 (0.82, 1.02)

290,743
122,556
171,387
29,110

1,669
534
772
90

5.7
4.4
4.5
3.1

1.00 (reference)
0.72 (0.64, 0.80)
0.69 (0.63, 0.77)
0.57 (0.46, 0.70)

429,355
186,895

2,250
826

5.2
4.4

1.00 (reference)
0.75 (0.69, 0.82)

348,577
267,673

1,728
1,348

5.0
5.0

1.00 (reference)
1.01 (0.94, 1.09)

256,754
271,367
88,129

1,281
1,222
573

5.0
4.5
6.5

1.00 (reference)
0.96 (0.88, 1.04)
1.32 (1.19, 1.47)

261,635
257,874
96,741

1,211
1,013
852

4.6
3.9
8.8

0.53 (0.49, 0.58)
0.46 (0.41, 0.50)
1.00 (reference)

107,683
192,348
313,970

570
1,008
1,483

5.3
5.2
4.7

1.00 (0.90, 1.11)
1.00 (reference)
0.91 (0.84, 0.99)

285,254
272,404
48,226
10,366

1,310
1,446
231
89

4.6
5.3
4.8
8.6

1.00 (reference)
1.11 (1.02, 1.20)
1.00 (0.86, 1.17)
1.39 (1.09, 1.76)

178,646
298,821
136,504

896
1,514
654

5.0
5.1
4.8

0.97 (0.89, 1.06)
1.00 (reference)
0.93 (0.84, 1.02)

30,970
313,770
139,186
61,359
37,990
32,975

160
1,446
712
344
239
175

5.2
4.6
5.1
5.6
6.3
5.3

1.11 (0.94, 1.32)
1.00 (reference)
1.11 (1.01, 1.22)
1.22 (1.09, 1.38)
1.39 (1.21, 1.60)
1.27 (1.07, 1.51)

47,162
569,088

255
2,821

5.4
5.0

1.02 (0.89, 1.16)
1.00 (reference)

313,881
302,367

1,899
1,177

6.1
3.9

1.55 (1.44, 1.67)
1.00 (reference)

190

Crude OR (95% CI)b
N/A

Appendix I (Continued)
Number
of birthsa

Number
of cases

Cases
per 1000
births

Characteristic
Crude OR (95% CI)b
Infant year of birth
0.84 (0.75, 0.94)
2005
122,827
612
5.0
0.75 (0.67, 0.84)
2006
124,824
564
4.5
0.77 (0.68, 0.86)
2007
125,963
581
4.6
0.82 (0.73, 0.91)
2008
123,320
605
4.9
2009
119,316
714
6.0
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
53
5.5
1.28 (0.78, 2.09)
500-999 births
52,448
253
4.8
1.05 (0.78, 1.40)
1,000-1,999 births
152,888
822
5.4
1.09 (0.89, 1.33)
≥2,000 births
401,210
1,948
4.9
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
173,650
842
4.8
0.78 (0.50, 1.24)
Level 2
194,190
1,034
5.3
0.81 (0.53, 1.22)
Level 3
248,410
1,200
4.8
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
462,306
2,162
4.7
1.01 (0.79, 1.28)
0.78 (0.64, 0.94)
20-29%
84,754
343
4.0
≥30%
69,190
571
8.3
1.00 (reference)
OR=odds ratio; CI=confidence interval
aThe number of births across levels of each characteristic may not add to the total due to missing
values.
bGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.
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Appendix J. The frequency and rate of other respiratory morbiditiesa during the birth
hospitalization, by socio-demographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsb
616,250

Number
of cases
11,982

Cases
per 100
births
1.9

64,585
470,649
81,016

1,419
8,989
1,574

2.2
1.9
1.9

1.15 (1.08, 1.22)
1.00 (reference)
1.02 (0.96, 1.08)

290,743
122,556
171,387
29,110

5,725
2,477
3,213
524

2.0
2.0
1.9
1.8

1.00 (reference)
0.86 (0.82, 0.91)
0.88 (0.83, 0.92)
0.86 (0.78, 0.94)

429,355
186,895

8,399
3,583

2.0
1.9

1.00 (reference)
0.91 (0.87, 0.95)

348,577
267,673

6,444
5,538

1.8
2.1

1.00 (reference)
1.10 (1.06, 1.14)

256,754
271,367
88,129

4,868
5,260
1,854

1.9
1.9
2.1

1.00 (reference)
1.02 (0.98, 1.06)
1.11 (1.04, 1.17)

261,635
257,874
96,741

5,955
3,960
2,067

2.3
1.5
2.1

1.08 (1.02, 1.13)
0.72 (0.68, 0.76)
1.00 (reference)

107,683
192,348
313,970

2,137
3,903
5,867

2.0
2.0
1.9

1.00 (0.95, 1.06)
1.00 (reference)
0.95 (0.91, 0.99)

285,254
272,404
48,226
10,366

5,246
5,734
780
222

1.8
2.1
1.6
2.1

1.00 (reference)
1.09 (1.05, 1.14)
0.89 (0.82, 0.96)
0.97 (0.84, 1.13)

178,646
298,821
136,504

3,614
5,911
2,410

2.0
2.0
1.8

1.00 (0.96, 1.05)
1.00 (reference)
0.97 (0.92, 1.02)

30,970
313,770
139,186
61,359
37,990
32,975

570
5,829
2,765
1,244
841
733

1.8
1.9
2.0
2.0
2.2
2.2

0.99 (0.91, 1.08)
1.00 (reference)
1.07 (1.02, 1.12)
1.08 (1.01, 1.15)
1.18 (1.10, 1.27)
1.15 (1.05, 1.26)

47,162
569,088

968
11,014

2.1
1.9

1.10 (1.03, 1.18)
1.00 (reference)

313,881
302,367

6,713
5,269

2.1
1.7

1.23 (1.19, 1.28)
1.00 (reference)
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Crude OR (95% CI)c
N/A

Appendix J (Continued)
Number
of birthsb

Number
of cases

Cases
per 100
births

Characteristic
Crude OR (95% CI)c
Infant year of birth
2005
122,827
2,500
2.0
1.03 (0.97, 1.09)
2006
124,824
2,383
1.9
0.98 (0.92, 1.04)
2007
125,963
2,376
1.9
0.98 (0.92, 1.04)
2008
123,320
2,406
2.0
1.02 (0.96, 1.08)
2009
119,316
2,317
1.9
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
163
1.7
0.96 (0.71, 1.29)
500-999 births
52,448
774
1.5
0.85 (0.71, 1.01)
1,000-1,999 births
152,888
2,747
1.8
0.93 (0.83, 1.04)
≥2,000 births
401,210
8,298
2.1
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
173,650
2,753
1.6
0.76 (0.55, 1.06)
Level 2
194,190
3,657
1.9
0.98 (0.72, 1.34)
Level 3
248,410
5,572
2.2
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
462,306
9,224
2.0
1.06 (0.92, 1.22)
1.12 (1.01, 1.25)
20-29%
84,754
1,610
1.9
≥30%
69,190
1,148
1.7
1.00 (reference)
OR=odds ratio; CI=confidence interval
aA diagnosis of other respiratory complications is identified by the presence of any of the following
diagnoses: congenital pneumonia, fetal and newborn aspiration, interstitial emphysema and related
conditions, pulmonary hemorrhage, primary atelectasis, other/unspecified atelectasis, chronic
respiratory disease, primary or other apnea, cyanotic attacks, respiratory failure, aspiration of postnatal
stomach contents, respiratory arrest, hypoxemia, other respiratory problems after birth, and unspecified
respiratory condition of fetus and newborn. Infants with either respiratory distress syndrome or transient
tachypnea of the newborn are excluded from this group.
bThe number of births across levels of each characteristic may not add to the total due to missing
values.
cGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.
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Appendix K. The frequency and rate of ventilation support provided during the birth
hospitalization, by socio-demographic, perinatal, and hospital characteristics
Characteristic
Overall
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other, Unknown
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
No
Infant sex
Male
Female

Number
of birthsa
616,250

Number
of cases
18,500

Cases
per 100
births
3.0

64,585
470,649
81,016

2,068
13,945
2,487

3.2
3.0
3.1

1.05 (1.00, 1.10)
1.00 (reference)
1.10 (1.05, 1.15)

290,743
122,556
171,387
29,110

10,088
3,035
4,464
714

3.5
2.5
2.6
2.5

1.00 (reference)
0.95 (0.91, 1.00)
0.86 (0.83, 0.90)
0.83 (0.77, 0.90)

429,355
186,895

13,741
4,759

3.2
2.5

1.00 (reference)
0.88 (0.84, 0.91)

348,577
267,673

10,443
8,057

3.0
3.0

1.00 (reference)
1.03 (1.00, 1.06)

256,754
271,367
88,129

7,960
7,863
2,677

3.1
2.9
3.0

1.00 (reference)
0.99 (0.95, 1.02)
1.12 (1.07, 1.18)

261,635
257,874
96,741

8,543
6,283
3,674

3.3
2.4
3.8

0.79 (0.76, 0.82)
0.55 (0.52, 0.57)
1.00 (reference)

107,683
192,348
313,970

3,290
5,849
9,288

3.1
3.0
3.0

0.95 (0.90, 0.99)
1.00 (reference)
1.00 (0.96, 1.04)

285,254
272,404
48,226
10,366

8,411
7,958
1,111
1,020

2.9
2.9
2.3
9.8

1.00 (reference)
1.02 (0.98, 1.05)
0.81 (0.75, 0.87)
0.98 (0.88, 1.09)

178,646
298,821
136,504

4,774
9,249
4,395

2.7
3.1
3.2

1.05 (1.00, 1.09)
1.00 (reference)
1.00 (0.96, 1.04)

30,970
313,770
139,186
61,359
37,990
32,975

863
9,062
4,362
1,988
1,309
916

2.8
2.9
3.1
3.2
3.4
2.8

0.95 (0.88, 1.03)
1.00 (reference)
1.10 (1.05, 1.14)
1.14 (1.08, 1.20)
1.24 (1.16, 1.32)
1.20 (1.11, 1.30)

47,162
569,088

1,602
16,898

3.4
3.0

1.01 (0.95, 1.07)
1.00 (reference)

313,881
302,367

10,103
8,397

3.2
2.8

1.18 (1.14, 1.22)
1.00 (reference)
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Crude OR (95% CI)b
N/A

Appendix K (Continued)
Number
of birthsa

Number
of cases

Cases
per 100
births

Characteristic
Crude OR (95% CI)b
Infant year of birth
2005
122,827
3,734
3.0
1.03 (0.98, 1.08)
1.06 (1.01, 1.12)
2006
124,824
3,668
2.9
1.13 (1.08, 1.19)
2007
125,963
4,132
3.3
2008
123,320
3,481
2.8
0.97 (0.92, 1.02)
2009
119,316
3,485
2.9
1.00 (reference)
Hospital annual birth volume
100-499 births
9,704
195
2.0
1.25 (0.83, 1.89)
1.39 (1.16, 1.65)
500-999 births
52,448
1,056
2.0
1.79 (1.64, 1.96)
1,000-1,999 births
152,888
6,142
4.0
≥2,000 births
401,210
11,107
2.8
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
173,650
6,144
3.5
0.92 (0.70, 1.22)
Level 2
194,190
4,638
2.4
0.96 (0.71, 1.30)
Level 3
248,410
7,718
3.1
1.00 (reference)
Hospital % Nurse-Midwife Births
0.87 (0.77, 0.98)
<20%
462,306
8,826
1.9
0.86 (0.80, 0.93)
20-29%
84,754
3,418
4.0
≥30%
69,190
6,256
9.0
1.00 (reference)
OR=odds ratio; CI=confidence interval
aThe number of births across levels of each characteristic may not add to the total due to missing
values.
bGenerated from a crude generalized linear mixed model from a binary distribution and logit link, and
with a single independent variable (the characteristic listed). Odds ratios statistically significantly
different from 1 are bolded.
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Appendix L. Odds ratios (OR) and 95% confidence intervals (CI) representing the association between early elective delivery and transient tachypnea of the newborn during the
birth hospitalization
Adjusted Modele
Adjusted Modelf
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
Adjusted Modeld
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
0.75 (0.68, 0.82)*
0.87 (0.79, 0.96)*
0.87 (0.79, 0.96)*
0.82 (0.71, 0.95)*
1.00 (0.89, 1.13)
N/A
EED-CS: Elective CS, 37-38 wks
2.47 (2.36, 2.59)*
1.62 (1.53, 1.71)*
1.62 (1.53, 1.71)*
1.95 (1.72, 2.21)*
3.95 (3.36, 4.64)*
1.31 (1.22, 1.40)*
ESD: Spontaneous, 37-38 wks
0.99 (0.94, 1.04)
1.11 (1.06, 1.17)*
1.12 (1.06, 1.17)*
1.04 (0.97, 1.12)
1.29 (1.19, 1.39)*
0.98 (0.80, 1.19)
EID: Medically-indicated, 37-38 wks
1.78 (1.65, 1.93)*
1.66 (1.54, 1.80)*
1.66 (1.54, 1.80)*
1.55 (1.38, 1.74)*
2.04 (1.75, 2.38)*
1.53 (1.30, 1.79)*
Maternal age (years)
<20 years
0.96 (0.90, 1.02)
0.96 (0.90, 1.02)
0.92 (0.85, 1.00)
1.11 (0.94, 1.30)
1.00 (0.82, 1.23)
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
0.99 (0.94, 1.05)
0.99 (0.94, 1.05)
1.11 (1.01, 1.23)*
1.06 (0.97, 1.16)
0.84 (0.77, 0.91)*
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
0.90 (0.86, 0.95)*
0.90 (0.85, 0.95)*
1.05 (0.97, 1.14)
0.82 (0.74, 0.90)*
0.79 (0.71, 0.87)*
Hispanic
0.80 (0.76, 0.84)*
0.80 (0.76, 0.84)*
0.90 (0.83, 0.98)*
0.73 (0.66, 0.81)*
0.70 (0.63, 0.78)*
Other
0.78 (0.71, 0.86)*
0.78 (0.71, 0.86)*
0.93 (0.81, 1.06)
0.66 (0.54, 0.79)*
0.68 (0.56, 0.82)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.93 (0.88, 0.98)*
0.93 (0.88, 0.98)*
0.96 (0.89, 1.04)
0.96 (0.88, 1.06)
0.86 (0.78, 0.95)*
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
1.03 (0.99, 1.08)
1.03 (0.99, 1.08)
1.08 (1.01, 1.15)*
1.06 (0.98, 1.14)
0.94 (0.86, 1.02)
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.05 (1.01, 1.09)*
1.05 (1.01, 1.09)*
1.07 (1.01, 1.14)*
1.07 (0.99, 1.15)
1.02 (0.94, 1.10)
Inadequate/None/Missing
1.04 (0.99, 1.11)
1.05 (0.99, 1.11)
1.02 (0.93, 1.12)
1.15 (1.04, 1.27)*
0.96 (0.86, 1.07)
Reproductive history
Nulliparous
0.63 (0.60, 0.66)*
0.63 (0.60, 0.66)*
N/A
N/A
N/A
Multiparous, no previous CS
0.44 (0.42, 0.46)*
0.44 (0.42, 0.46)*
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
0.99 (0.94, 1.04)
0.99 (0.94, 1.04)
0.98 (0.90, 1.07)
1.07 (0.97, 1.17)
0.91 (0.82, 1.01)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
0.94 (0.90, 0.98)*
0.94 (0.90, 0.98)*
0.91 (0.85, 0.97)*
0.95 (0.88, 1.02)
0.94 (0.87, 1.02)
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.07 (1.02, 1.12)*
1.07 (1.02, 1.12)*
1.05 (0.98, 1.13)
1.13 (1.04, 1.22)*
1.06 (0.97, 1.16)
Self-pay
1.00 (0.92, 1.08)
1.00 (0.92, 1.08)
1.02 (0.90, 1.15)
1.05 (0.92, 1.20)
0.93 (0.80, 1.08)
Other
1.06 (0.92, 1.22)
1.07 (0.92, 1.24)
0.98 (0.78, 1.23)
1.14 (0.88, 1.47)
1.21 (0.91, 1.59)
Per-capita income
<$20,000
0.99 (0.95, 1.04)
0.99 (0.95, 1.04)
0.94 (0.88, 1.01)
1.01 (0.93, 1.09)
1.05 (0.97, 1.14)
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
1.01 (0.97, 1.06)
1.01 (0.97, 1.06)
1.00 (0.94, 1.08)
0.95 (0.87, 1.04)
1.09 (1.00, 1.19)*
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Appendix L (Continued)
Unadjusted Modela
Full Sample
OR (95% CI)

Adjusted Model 1b
Full Sample
OR (95% CI)

Adjusted Model 2c
Full Sample
OR (95% CI)

Adjusted Modeld
Nulliparous
OR (95% CI)

Adjusted Modele
Multiparous,
No previous CS
OR (95% CI)

Adjusted Modelf
Multiparous,
Previous CS
OR (95% CI)

Characteristic
Pre-pregnancy body mass index
Underweight
0.93 (0.86, 1.01)
0.93 (0.86, 1.01)
0.94 (0.83, 1.05)
0.98 (0.84, 1.14)
0.90 (0.74, 1.09)
Normal
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Overweight
1.12 (1.07, 1.17)*
1.12 (1.07, 1.17)*
1.24 (1.16, 1.33)*
1.07 (0.99, 1.15)
0.99 (0.91, 1.08)
Obese-I
1.20 (1.14, 1.27)*
1.20 (1.14, 1.27)*
1.31 (1.20, 1.44)*
1.20 (1.08, 1.33)*
1.06 (0.96, 1.17)
Obese-II, III
1.26 (1.18, 1.34)*
1.26 (1.18, 1.34)*
1.47 (1.31, 1.64)*
1.23 (1.09, 1.40)*
1.07 (0.96, 1.20)
Missing
1.16 (1.06, 1.27)*
1.16 (1.06, 1.27)*
1.19 (1.03, 1.37)*
1.11 (0.94, 1.31)
1.12 (0.95, 1.32)
Maternal tobacco use
Yes
0.99 (0.93, 1.06)
0.99 (0.93, 1.06)
0.98 (0.88, 1.09)
0.94 (0.85, 1.05)
1.03 (0.92, 1.17)
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.68 (1.62, 1.74)*
1.68 (1.62, 1.74)*
1.54 (1.46, 1.62)*
1.76 (1.65, 1.88)*
1.83 (1.71, 1.96)*
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
1.10 (1.04, 1.16)*
1.11 (1.04, 1.17)*
1.09 (1.00, 1.19)
1.05 (0.94, 1.16)
1.21 (1.09, 1.35)*
2006
1.05 (0.99, 1.11)
1.07 (1.01, 1.13)*
1.07 (0.98, 1.16)
0.97 (0.87, 1.07)
1.20 (1.08, 1.33)*
2007
1.10 (1.04, 1.16)*
1.11 (1.05, 1.17)*
1.13 (1.03, 1.22)*
1.02 (0.92, 1.13)
1.19 (1.08, 1.32)*
2008
1.13 (1.07, 1.19)*
1.14 (1.08, 1.20)*
1.14 (1.05, 1.24)*
1.11 (1.01, 1.23)*
1.17 (1.06, 1.30)*
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.25 (0.91, 1.73)
1.30 (0.84, 2.00)
1.36 (0.87, 2.11)
1.30 (0.81, 2.07)
500-999 births
1.24 (1.04, 1.48)*
1.47 (1.15, 1.88)*
1.07 (0.81, 1.40)
1.03 (0.77, 1.39)
1,000-1,999 births
1.13 (1.02, 1.25)*
1.17 (1.01, 1.36)*
1.00 (0.83, 1.19)
1.15 (0.96, 1.37)
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.81 (0.54, 1.21)
0.74 (0.45, 1.20)
0.88 (0.54, 1.46)
0.93 (0.55, 1.57)
Level 2
0.91 (0.62, 1.34)
0.92 (0.58, 1.47)
0.89 (0.55, 1.44)
0.88 (0.54, 1.43)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
0.94 (0.82, 1.07)
0.95 (0.78, 1.16)
1.01 (0.82, 1.24)
0.87 (0.69, 1.09)
20-29%
0.94 (0.85, 1.05)
0.95 (0.80, 1.13)
0.97 (0.81, 1.17)
0.95 (0.78, 1.15)
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported odds ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a binary distribution and logit link.
b
Crude model + adjusted for maternal and infant-level characteristics.
c
Adjusted model 1 + adjusted for hospital-level characteristics.
d
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for nulliparous women only
e
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for multiparous women without a prior Cesarean section only
f
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for women with a prior Cesarean section only
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Appendix M. Odds ratios (OR) and 95% confidence intervals (CI) representing the association between early elective delivery and respiratory distress syndrome during the birth
hospitalization
Adjusted Modele
Adjusted Modelf
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
Adjusted Modeld
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
1.04 (0.88, 1.24)
1.19 (0.99, 1.42)
1.19 (0.99, 1.42)
0.96 (0.71, 1.31)
1.48 (1.18, 1.86)*
N/A
EED-CS: Elective CS, 37-38 wks
2.62 (2.36, 2.90)*
1.92 (1.70, 2.18)*
1.92 (1.70, 2.18)*
1.45 (1.06, 2.00)*
4.18 (3.01, 5.82)*
1.74 (1.49, 2.03)*
ESD: Spontaneous, 37-38 wks
1.49 (1.35, 1.64)*
1.68 (1.52, 1.85)*
1.68 (1.52, 1.86)*
1.48 (1.28, 1.73)*
1.99 (1.72, 2.31)*
1.43 (0.92, 2.21)
EID: Medically-indicated, 37-38 wks
3.49 (3.07, 3.98)*
3.37 (2.95, 3.85)*
3.37 (2.95, 3.85)*
2.83 (2.31, 3.48)*
4.36 (3.41, 5.57)*
3.90 (3.03, 5.03)*
Maternal age (years)
<20 years
0.97 (0.85, 1.11)
0.97 (0.85, 1.11)
0.93 (0.78, 1.11)
1.09 (0.79, 1.50)
1.02 (0.67, 1.55)
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
0.86 (0.76, 0.96)*
0.86 (0.76, 0.96)*
1.05 (0.84, 1.31)
0.89 (0.73, 1.07)
0.73 (0.61, 0.89)*
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
0.62 (0.55, 0.70)*
0.62 (0.55, 0.69)*
0.78 (0.65, 0.93)*
0.49 (0.40, 0.60)*
0.56 (0.44, 0.70)*
Hispanic
0.66 (0.59, 0.74)*
0.66 (0.59, 0.74)*
0.68 (0.57, 0.82)*
0.65 (0.53, 0.80)*
0.67 (0.53, 0.83)*
Other
0.60 (0.48, 0.75)*
0.60 (0.48, 0.75)*
0.61 (0.43, 0.85)*
0.63 (0.43, 0.93)*
0.53 (0.33, 0.85)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.86 (0.78, 0.96)*
0.86 (0.78, 0.96)*
1.04 (0.88, 1.23)
0.78 (0.65, 0.95)*
0.76 (0.62, 0.94)*
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
0.99 (0.90, 1.08)
0.99 (0.90, 1.08)
0.95 (0.82, 1.09)
1.06 (0.91, 1.23)
0.97 (0.82, 1.16)
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.12 (1.03, 1.22)*
1.12 (1.03, 1.23)*
1.14 (0.99, 1.31)
1.13 (0.97, 1.31)
1.11 (0.94, 1.31)
Inadequate/None/Missing
1.48 (1.32, 1.65)*
1.49 (1.33, 1.66)*
1.37 (1.14, 1.65)*
1.62 (1.34, 1.96)*
1.52 (1.23, 1.88)*
Reproductive history
Nulliparous
0.64 (0.57, 0.71)*
0.64 (0.57, 0.71)*
N/A
N/A
N/A
Multiparous, no previous CS
0.54 (0.49, 0.61)*
0.54 (0.49, 0.61)*
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
1.04 (0.93, 1.16)
1.04 (0.93, 1.16)
1.21 (1.01, 1.45)*
0.95 (0.79, 1.14)
0.98 (0.79, 1.22)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
0.91 (0.83, 1.00)
0.91 (0.83, 1.00)
0.85 (0.73, 0.99)*
0.94 (0.80, 1.10)
0.97 (0.81, 1.15)
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.11 (1.01, 1.23)*
1.12 (1.01, 1.23)*
1.05 (0.89, 1.23)
1.07 (0.91, 1.27)
1.28 (1.07, 1.55)*
Self-pay
1.15 (0.98, 1.36)
1.14 (0.97, 1.35)
1.16 (0.89, 1.50)
1.07 (0.81, 1.41)
1.18 (0.85, 1.63)
Other
1.48 (1.16, 1.89)*
1.48 (1.16, 1.89)*
1.61 (1.14, 2.27)*
1.25 (0.81, 1.95)
1.48 (0.85, 2.58)
Per-capita income
<$20,000
0.99 (0.90, 1.08)
0.98 (0.90, 1.08)
0.94 (0.81, 1.09)
1.07 (0.91, 1.25)
0.97 (0.81, 1.16)
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
0.93 (0.84, 1.02)
0.92 (0.84, 1.02)
0.96 (0.82, 1.12)
0.83 (0.70, 1.00)
0.98 (0.81, 1.18)
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Appendix M (Continued)
Unadjusted Modela
Full Sample
OR (95% CI)

Adjusted Model 1b
Full Sample
OR (95% CI)
1.09 (0.93, 1.29)
1.00 (reference)
1.08 (0.99, 1.19)
1.15 (1.02, 1.30)*
1.24 (1.08, 1.43)*
1.25 (1.05, 1.49)*

Adjusted Model 2c
Full Sample
OR (95% CI)
1.09 (0.93, 1.29)
1.00 (reference)
1.08 (0.99, 1.19)
1.15 (1.02, 1.30)*
1.24 (1.07, 1.43)*
1.26 (1.06, 1.50)*

Adjusted Modeld
Nulliparous
OR (95% CI)
0.93 (0.72, 1.20)
1.00 (reference)
1.19 (1.03, 1.38)*
1.14 (0.92, 1.41)
1.42 (1.10, 1.82)*
1.12 (0.84, 1.51)

Adjusted Modele
Multiparous,
No previous CS
OR (95% CI)
1.43 (1.09, 1.87)*
1.00 (reference)
1.16 (0.99, 1.35)
1.21 (0.98, 1.49)
1.43 (1.12, 1.82)*
1.25 (0.92, 1.70)

Adjusted Modelf
Multiparous,
Previous CS
OR (95% CI)
1.01 (0.68, 1.51)
1.00 (reference)
0.88 (0.74, 1.05)
1.08 (0.87, 1.33)
0.95 (0.75, 1.22)
1.42 (1.05, 1.91)*

Characterstic
Pre-pregnancy body mass index
Underweight
Normal
Overweight
Obese-I
Obese-II, III
Missing
Maternal tobacco use
Yes
0.82 (0.71, 0.94)*
0.81 (0.71, 0.94)*
0.84 (0.65, 1.07)
0.72 (0.57, 0.91)*
0.89 (0.69, 1.15)
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.53 (1.42, 1.64)*
1.53 (1.42, 1.64)*
1.40 (1.25, 1.58)*
1.39 (1.22, 1.58)*
1.95 (1.68, 2.26)*
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
0.87 (0.78, 0.97)*
0.90 (0.80, 1.00)
0.82 (0.69, 0.98)*
0.88 (0.73, 1.07)
1.06 (0.85, 1.33)
2006
0.78 (0.70, 0.87)*
0.81 (0.72, 0.91)*
0.63 (0.52, 0.76)*
0.88 (0.72, 1.07)
1.07 (0.86, 1.34)
2007
0.78 (0.69, 0.87)*
0.78 (0.70, 0.88)*
0.65 (0.54, 0.78)*
0.80 (0.66, 0.97)*
0.99 (0.80, 1.24)
2008
0.82 (0.74, 0.92)*
0.83 (0.74, 0.93)*
0.80 (0.67, 0.95)*
0.73 (0.59, 0.89)*
1.03 (0.83, 1.28)
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.16 (0.69, 1.97)
1.08 (0.48, 2.42)
1.54 (0.80, 2.97)
1.24 (0.56, 2.73)
500-999 births
1.03 (0.74, 1.42)
1.16 (0.73, 1.86)
1.16 (0.75, 1.80)
1.18 (0.72, 1.92)
1,000-1,999 births
1.10 (0.88, 1.36)
1.04 (0.75, 1.43)
1.37 (1.01, 1.86)*
1.17 (0.84, 1.62)
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.84 (0.51, 1.40)
0.85 (0.42, 1.73)
0.77 (0.40, 1.46)
0.85 (0.42, 1.71)
Level 2
0.92 (0.61, 1.39)
1.03 (0.59, 1.82)
0.93 (0.54, 1.60)
0.98 (0.55, 1.74)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
0.96 (0.75, 1.22)
0.84 (0.59, 1.21)
1.08 (0.78, 1.50)
0.75 (0.51, 1.10)
20-29%
0.76 (0.63, 0.92)*
0.69 (0.52, 0.92)*
0.82 (0.60, 1.12)
0.71 (0.49, 1.02)
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported odds ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a binary distribution and logit link.
b
Crude model + adjusted for maternal and infant-level characteristics.
c
Adjusted model 1 + adjusted for hospital-level characteristics.
d
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for nulliparous women only
e
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for multiparous women without a prior Cesarean section only
f
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for women with a prior Cesarean section only
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Appendix N. Odds ratios (OR) and 95% confidence intervals (CI) representing the association between early elective delivery and other respiratory morbiditiesa during the birth
hospitalization
Adjusted Modelf
Adjusted Modelg
Unadjusted Modelb
Adjusted Model 1c
Adjusted Model 2d
Adjusted Modele
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
0.84 (0.76, 0.92)*
0.91 (0.83, 1.00)*
0.91 (0.83, 1.00)*
0.86 (0.75, 0.99)*
0.99 (0.87, 1.12)
N/A
EED-CS: Elective CS, 37-38 wks
1.20 (1.13, 1.29)*
1.17 (1.08, 1.26)*
1.17 (1.08, 1.26)*
0.98 (0.83, 1.16)
1.83 (1.47, 2.29)*
1.15 (1.05, 1.27)*
ESD: Spontaneous, 37-38 wks
1.05 (1.00, 1.11)*
1.12 (1.06, 1.18)*
1.12 (1.06, 1.18)*
0.98 (0.91, 1.06)
1.29 (1.20, 1.40)*
1.36 (1.07, 1.72)*
EID: Medically-indicated, 37-38 wks
1.93 (1.79, 2.09)*
1.89 (1.75, 2.05)*
1.89 (1.75, 2.05)*
1.61 (1.44, 1.80)*
2.51 (2.17, 2.89)*
1.90 (1.58, 2.29)*
Maternal age (years)
<20 years
0.97 (0.90, 1.03)
0.97 (0.90, 1.03)
0.98 (0.91, 1.06)
1.04 (0.88, 1.23)
0.97 (0.73, 1.27)
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
1.09 (1.02, 1.15)*
1.08 (1.02, 1.15)*
1.18 (1.07, 1.31)*
1.12 (1.02, 1.22)*
0.94 (0.84, 1.06)
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
0.81 (0.76, 0.86)*
0.81 (0.76, 0.85)*
0.89 (0.82, 0.97)*
0.73 (0.66, 0.80)*
0.77 (0.67, 0.88)*
Hispanic
0.86 (0.81, 0.92)*
0.86 (0.81, 0.91)*
0.93 (0.85, 1.01)
0.82 (0.74, 0.91)*
0.77 (0.67, 0.89)*
Other
0.87 (0.79, 0.96)*
0.87 (0.79, 0.96)*
0.96 (0.85, 1.10)
0.86 (0.73, 1.03)
0.55 (0.41, 0.75)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.99 (0.94, 1.04)
0.99 (0.94, 1.04)
1.03 (0.95, 1.11)
1.01 (0.92, 1.11)
0.87 (0.77, 0.99)*
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
1.03 (0.99, 1.08)
1.03 (0.99, 1.08)
1.02 (0.95, 1.09)
1.11 (1.03, 1.20)*
0.93 (0.84, 1.05)
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.06 (1.01, 1.11)*
1.06 (1.01, 1.11)*
1.11 (1.04, 1.18)*
1.02 (0.95, 1.10)
1.01 (0.90, 1.12)
Inadequate/None/Missing
1.16 (1.09, 1.23)*
1.16 (1.09, 1.23)*
1.14 (1.04, 1.25)*
1.12 (1.01, 1.24)*
1.25 (1.09, 1.44)*
Reproductive history
Nulliparous
1.16 (1.09, 1.24)*
1.16 (1.09, 1.24)*
N/A
N/A
N/A
Multiparous, no previous CS
0.77 (0.72, 0.82)*
0.77 (0.72, 0.82)*
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
1.01 (0.95, 1.07)
1.01 (0.95, 1.07)
0.96 (0.88, 1.05)
1.06 (0.97, 1.17)
1.01 (0.88, 1.16)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
0.96 (0.92, 1.01)
0.96 (0.92, 1.01)
0.94 (0.88, 1.00)
1.03 (0.95, 1.12)
0.88 (0.79, 0.98)*
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.09 (1.04, 1.15)*
1.09 (1.04, 1.15)*
1.03 (0.96, 1.11)
1.16 (1.06, 1.26)*
1.18 (1.04, 1.33)*
Self-pay
0.92 (0.84, 1.00)
0.92 (0.84, 1.01)
0.90 (0.79, 1.03)
0.94 (0.81, 1.09)
0.94 (0.76, 1.16)
Other
0.99 (0.86, 1.15)
1.00 (0.86, 1.17)
1.01 (0.82, 1.25)
1.03 (0.80, 1.32)
0.93 (0.63, 1.38)
Per-capita income
<$20,000
1.02 (0.97, 1.07)
1.02 (0.97, 1.07)
1.01 (0.94, 1.08)
1.02 (0.94, 1.11)
1.07 (0.96, 1.20)
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
0.97 (0.92, 1.02)
0.97 (0.92, 1.02)
0.95 (0.88, 1.02)
0.94 (0.86, 1.03)
1.07 (0.94, 1.21)
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Appendix N (Continued)
Unadjusted Modelb
Full Sample
OR (95% CI)

Adjusted Model 1c
Full Sample
OR (95% CI)

Adjusted Model 2d
Full Sample
OR (95% CI)

Adjusted Modele
Nulliparous
OR (95% CI)

Adjusted Modelf
Multiparous,
No previous CS
OR (95% CI)

Adjusted Modelg
Multiparous,
Previous CS
OR (95% CI)

Characteristic
Pre-pregnancy body mass index
Underweight
0.95 (0.87, 1.04)
0.95 (0.87, 1.04)
0.98 (0.87, 1.09)
0.93 (0.79, 1.09)
0.94 (0.71, 1.24)
Normal
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Overweight
1.09 (1.04, 1.15)*
1.09 (1.04, 1.15)*
1.11 (1.04, 1.19)*
1.07 (0.99, 1.16)
1.08 (0.97, 1.21)
Obese-I
1.11 (1.04, 1.18)*
1.11 (1.04, 1.18)*
1.16 (1.05, 1.28)*
1.07 (0.96, 1.19)
1.06 (0.92, 1.22)
Obese-II, III
1.20 (1.11, 1.29)*
1.20 (1.11, 1.29)*
1.20 (1.07, 1.36)*
1.21 (1.06, 1.37)*
1.16 (1.00, 1.35)
Missing
1.17 (1.07, 1.28)*
1.17 (1.07, 1.28)*
1.13 (0.99, 1.29)
1.22 (1.05, 1.42)*
1.20 (0.98, 1.47)
Maternal tobacco use
Yes
1.03 (0.95, 1.10)
1.03 (0.95, 1.10)
0.99 (0.89, 1.11)
1.08 (0.96, 1.21)
0.95 (0.79, 1.13)
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.23 (1.18, 1.28)*
1.23 (1.18, 1.28)*
1.20 (1.14, 1.26)*
1.29 (1.21, 1.37)*
1.21 (1.10, 1.32)*
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
1.05 (0.99, 1.12)
1.05 (0.99, 1.12)
1.07 (0.99, 1.17)
1.09 (0.98, 1.21)
0.95 (0.82, 1.09)
2006
1.00 (0.94, 1.06)
0.99 (0.93, 1.05)
1.01 (0.92, 1.10)
1.00 (0.90, 1.11)
0.96 (0.83, 1.11)
2007
0.99 (0.93, 1.05)
0.99 (0.93, 1.05)
0.98 (0.90, 1.07)
1.04 (0.94, 1.16)
0.92 (0.80, 1.06)
2008
1.02 (0.96, 1.08)
1.02 (0.96, 1.08)
1.00 (0.92, 1.09)
1.02 (0.92, 1.13)
1.07 (0.93, 1.22)
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.06 (0.77, 1.46)
0.97 (0.65, 1.44)
0.90 (0.57, 1.42)
1.59 (0.93, 2.70)
500-999 births
0.90 (0.74, 1.09)
0.91 (0.71, 1.16)
0.87 (0.66, 1.15)
0.97 (0.68, 1.39)
1,000-1,999 births
0.94 (0.84, 1.06)
1.00 (0.86, 1.16)
0.89 (0.74, 1.07)
0.96 (0.76, 1.21)
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.77 (0.54, 1.10)
0.73 (0.49, 1.10)
0.76 (0.49, 1.19)
0.75 (0.44, 1.28)
Level 2
1.02 (0.74, 1.40)
0.89 (0.61, 1.28)
0.92 (0.61, 1.39)
1.07 (0.68, 1.68)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
1.02 (0.88, 1.17)
1.14 (0.94, 1.38)
1.02 (0.83, 1.26)
1.09 (0.82, 1.45)
20-29%
1.10 (0.99, 1.23)
1.21 (1.04, 1.41)*
1.08 (0.90, 1.28)
0.96 (0.74, 1.25)
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported odds ratio is statistically significantly different from 1.
a
A diagnosis of other respiratory complications is identified by the presence of any of the following diagnoses: congenital pneumonia, fetal and newborn aspiration, interstitial
emphysema and related conditions, pulmonary hemorrhage, primary atelectasis, other/unspecified atelectasis, chronic respiratory disease, primary or other apnea, cyanotic
attacks, respiratory failure, aspiration of postnatal stomach contents, respiratory arrest, hypoxemia, other respiratory problems after birth, and unspecified respiratory condition of
fetus and newborn. Infants with either respiratory distress syndrome or transient tachypnea of the newborn are excluded from this group.
b
Generalized linear mixed model with a binary distribution and logit link.; cCrude model + adjusted for maternal and infant-level characteristics.
d
Adjusted model 1 + adjusted for hospital-level characteristics.
e
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for nulliparous women only
f
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for multiparous women without a prior Cesarean section only
g
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for women with a prior Cesarean section only
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Appendix O. Odds ratios (OR) and 95% confidence intervals (CI) representing the association between early elective delivery and the need for ventilation support provided during
the birth hospitalization
Adjusted Modele
Adjusted Modelf
Unadjusted Modela
Adjusted Model 1b
Adjusted Model 2c
Adjusted Modeld
Multiparous,
Multiparous,
Full Sample
Full Sample
Full Sample
Nulliparous
No previous CS
Previous CS
Characteristic
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
OR (95% CI)
Timing/Reason for Delivery
FTD: Delivery at ≥39 wks
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
EED-I: Elective induction, 37-38 wks
0.79 (0.73, 0.85)*
0.87 (0.80, 0.94)*
0.87 (0.80, 0.94)*
0.80 (0.71, 0.91)*
0.98 (0.88, 1.09)
N/A
EED-CS: Elective CS, 37-38 wks
1.58 (1.50, 1.67)*
1.29 (1.21, 1.37)*
1.29 (1.21, 1.37)*
1.34 (1.17, 1.53)*
2.28 (1.89, 2.75)*
1.14 (1.05, 1.24)*
ESD: Spontaneous, 37-38 wks
0.94 (0.89, 0.98)*
1.00 (0.95, 1.05)
1.00 (0.95, 1.05)
0.90 (0.84, 0.96)*
1.11 (1.04, 1.19)*
1.37 (1.13, 1.68)*
EID: Medically-indicated, 37-38 wks
2.03 (1.89, 2.19)*
1.96 (1.82, 2.11)*
1.95 (1.81, 2.10)*
1.62 (1.46, 1.81)*
2.42 (2.12, 2.76)*
2.37 (2.00, 2.81)*
Maternal age (years)
<20 years
0.95 (0.89, 1.01)
0.95 (0.89, 1.01)
0.96 (0.89, 1.03)
0.95 (0.82, 1.10)
0.85 (0.66, 1.08)
20-34 years
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥35 years
1.10 (1.05, 1.16)*
1.10 (1.05, 1.16)*
1.22 (1.12, 1.33)*
1.11 (1.02, 1.19)*
0.97 (0.88, 1.07)
Maternal race/ethnicity
Non-Hispanic white
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Non-Hispanic black
0.92 (0.87, 0.97)*
0.92 (0.87, 0.97)*
1.00 (0.93, 1.08)
0.87 (0.79, 0.94)*
0.83 (0.74, 0.93)*
Hispanic
0.88 (0.84, 0.93)*
0.88 (0.84, 0.93)*
0.94 (0.87, 1.01)
0.83 (0.76, 0.91)*
0.85 (0.75, 0.96)*
Other
0.87 (0.80, 0.95)*
0.87 (0.80, 0.95)*
0.95 (0.84, 1.08)
0.80 (0.68, 0.93)*
0.75 (0.60, 0.93)*
Maternal country of birth
US-born
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Foreign-born
0.95 (0.91, 1.00)*
0.95 (0.91, 1.00)*
0.94 (0.88, 1.01)
1.02 (0.94, 1.10)
0.85 (0.77, 0.95)*
Marital status
Married
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Unmarried
1.01 (0.97, 1.05)
1.01 (0.97, 1.05)
1.01 (0.95, 1.07)
1.05 (0.98, 1.12)
0.95 (0.87, 1.05)
Adequacy of prenatal care
Adequate/Intensive
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Intermediate
1.04 (1.00, 1.08)*
1.04 (1.00, 1.08)
1.01 (0.96, 1.07)
1.07 (1.00, 1.14)*
1.06 (0.97, 1.15)
Inadequate/None/Missing
1.20 (1.14, 1.27)*
1.20 (1.13, 1.26)*
1.14 (1.05, 1.24)*
1.15 (1.05, 1.26)*
1.48 (1.31, 1.67)*
Reproductive history
Nulliparous
0.91 (0.86, 0.95)*
0.91 (0.86, 0.95)*
N/A
N/A
N/A
Multiparous, no previous CS
0.62 (0.59, 0.66)*
0.62 (0.59, 0.66)*
N/A
N/A
N/A
Multiparous, previous CS
1.00 (reference)
1.00 (reference)
N/A
N/A
N/A
Maternal education
Less than high school
0.99 (0.94, 1.04)
0.99 (0.94, 1.04)
1.00 (0.93, 1.08)
0.99 (0.91, 1.07)
0.92 (0.81, 1.04)
High school diploma/GED
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
More than high school
1.00 (0.96, 1.04)
1.00 (0.96, 1.04)
0.97 (0.91, 1.03)
1.01 (0.94, 1.08)
1.04 (0.95, 1.15)
Principal source of payment
Private Insurance
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Medicaid
1.04 (1.00, 1.09)
1.04 (1.00, 1.09)
1.02 (0.95, 1.08)
1.06 (0.99, 1.14)
1.11 (1.00, 1.22)*
Self-pay
0.87 (0.81, 0.94)*
0.87 (0.80, 0.94)*
0.83 (0.73, 0.93)*
0.91 (0.81, 1.03)
0.90 (0.75, 1.07)
Other
1.04 (0.93, 1.16)
1.10 (0.99, 1.23)
0.90 (0.76, 1.06)
1.26 (1.06, 1.49)*
1.41 (1.07, 1.86)*
Per-capita income
<$20,000
1.06 (1.02, 1.11)*
1.06 (1.01, 1.10)*
1.00 (0.94, 1.07)
1.06 (0.99, 1.14)
1.21 (1.09, 1.33)*
$20,000-$29,999
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
≥$30,000
0.99 (0.95, 1.04)
1.00 (0.95, 1.04)
0.97 (0.91, 1.03)
1.02 (0.95, 1.10)
1.00 (0.91, 1.10)
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Appendix O (Continued)
Unadjusted Modela
Full Sample
OR (95% CI)

Adjusted Model 1b
Full Sample
OR (95% CI)

Adjusted Model 2c
Full Sample
OR (95% CI)

Adjusted Modeld
Nulliparous
OR (95% CI)

Adjusted Modele
Multiparous,
No previous CS
OR (95% CI)

Adjusted Modelf
Multiparous,
Previous CS
OR (95% CI)

Characteristic
Pre-pregnancy body mass index
Underweight
0.95 (0.88, 1.03)
0.95 (0.88, 1.02)
0.99 (0.89, 1.09)
0.95 (0.83, 1.09)
0.79 (0.62, 1.01)
Normal
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Overweight
1.10 (1.05, 1.14)*
1.10 (1.05, 1.14)*
1.13 (1.07, 1.20)*
1.09 (1.02, 1.17)*
1.02 (0.93, 1.11)
Obese-I
1.12 (1.06, 1.19)*
1.12 (1.06, 1.19)*
1.19 (1.09, 1.30)*
1.08 (0.98, 1.18)
1.04 (0.93, 1.17)
Obese-II, III
1.18 (1.11, 1.26)*
1.19 (1.11, 1.27)*
1.37 (1.23, 1.52)*
1.15 (1.03, 1.28)*
0.97 (0.85, 1.10)
Missing
1.21 (1.12, 1.31)*
1.21 (1.12, 1.32)*
1.15 (1.02, 1.31)*
1.35 (1.19, 1.54)*
1.04 (0.87, 1.25)
Maternal tobacco use
Yes
0.96 (0.90, 1.02)
0.96 (0.90, 1.02)
0.93 (0.84, 1.02)
1.00 (0.90, 1.10)
0.94 (0.82, 1.09)
No
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant sex
Male
1.18 (1.14, 1.22)*
1.18 (1.14, 1.22)*
1.15 (1.10, 1.21)*
1.18 (1.12, 1.25)*
1.25 (1.16, 1.35)*
Female
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Infant year of birth
2005
1.05 (1.00, 1.11)
1.08 (1.02, 1.14)*
1.09 (1.01, 1.18)*
0.96 (0.87, 1.05)
1.30 (1.14, 1.47)*
2006
1.08 (1.03, 1.14)*
1.16 (1.10, 1.23)*
1.19 (1.10, 1.29)*
1.05 (0.96, 1.16)
1.28 (1.13, 1.45)*
2007
1.14 (1.09, 1.20)*
1.21 (1.14, 1.27)*
1.16 (1.07, 1.26)*
1.13 (1.03, 1.24)*
1.44 (1.28, 1.63)*
2008
0.98 (0.93, 1.03)
1.05 (0.99, 1.10)
1.02 (0.94, 1.10)
1.06 (0.97, 1.16)
1.05 (0.93, 1.19)
2009
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital annual birth volume
100-499 births
1.48 (0.98, 2.24)
0.94 (0.51, 1.72)
1.98 (1.14, 3.46)*
2.24 (1.14, 4.40)*
500-999 births
1.61 (1.34, 1.93)*
1.55 (1.21, 1.99)*
1.72 (1.30, 2.29)*
1.43 (0.98, 2.10)
1,000-1,999 births
1.94 (1.76, 2.13)*
1.89 (1.65, 2.16)*
1.94 (1.67, 2.26)*
1.83 (1.46, 2.29)*
≥2,000 births
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hopsital Perinatal Care Level
Level 0, 1
0.91 (0.67, 1.23)
0.98 (0.65, 1.48)
0.81 (0.49, 1.32)
0.63 (0.36, 1.12)
Level 2
0.83 (0.61, 1.13)
0.79 (0.52, 1.21)
1.02 (0.61, 1.71)
0.71 (0.40, 1.24)
Level 3
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Hospital % Nurse-Midwife Births
<20%
0.89 (0.78, 1.01)
0.95 (0.79, 1.15)
0.75 (0.62, 0.92)*
0.65 (0.49, 0.85)*
20-29%
0.93 (0.86, 1.00)*
0.99 (0.88, 1.11)
0.83 (0.73, 0.95)*
0.87 (0.73, 1.04)
≥30%
1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
CS=Cesarean section
*Reported odds ratio is statistically significantly different from 1.
a
Generalized linear mixed model with a binary distribution and logit link.
b
Crude model + adjusted for maternal and infant-level characteristics.
c
Adjusted model 1 + adjusted for hospital-level characteristics.
d
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for nulliparous women only
e
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for multiparous women without a prior Cesarean section only
f
Adjusted model 2 + interaction term between exposure and reproductive history, estimates calculated for women with a prior Cesarean section only
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Appendix P. Adjusted odds ratios for early elective delivery and transient tachypnea of the
newborn during the birth hospitalization

EED-I = elective induction at 37-38 weeks; EED-CS = elective Cesarean section at 37-38
weeks; ESD = spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 3738 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.
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Appendix Q. Adjusted odds ratios for early elective delivery and respiratory distress syndrome
during the birth hospitalization

EED-I = elective induction at 37-38 weeks; EED-CS = elective Cesarean section at 37-38
weeks; ESD = spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 3738 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.
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Appendix R. Adjusted odds ratios for early elective delivery and other respiratory morbidities
during the birth hospitalization

EED-I = elective induction at 37-38 weeks; EED-CS = elective Cesarean section at 37-38
weeks; ESD = spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 3738 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.

A diagnosis of other respiratory complications is identified by the presence of any of the
following diagnoses: congenital pneumonia, fetal and newborn aspiration, interstitial
emphysema and related conditions, pulmonary hemorrhage, primary atelectasis,
other/unspecified atelectasis, chronic respiratory disease, primary or other apnea, cyanotic
attacks, respiratory failure, aspiration of postnatal stomach contents, respiratory arrest,
hypoxemia, other respiratory problems after birth, and unspecified respiratory condition of fetus
and newborn.
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Appendix S. Adjusted odds ratios for early elective delivery and ventilation support provided
during the birth hospitalization

EED-I = elective induction at 37-38 weeks; EED-CS = elective Cesarean section at 37-38
weeks; ESD = spontaneous delivery at 37-38 weeks; EID = medically-indicated delivery at 3738 weeks
The reference exposure group in all models were deliveries at ≥39 weeks.
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Appendix T. Operational definitions for common conditions associated with infant
hospitalizations after birth in the first year of life
Condition
ICD-9-CM Diagnosis Codes*
Acute Respiratory Failure
518.81
Acute Respiratory Infections
460x, 461x, 462x, 463x, 464x, 465x, 466x
Asthma
493x
Cellulitis
681x, 682x
Dehydration
276.5, 775.5
Esophageal Reflux
530.81
Feeding Problems
779.3, 783.3
Fever
778.4, 780.6
Intestinal Infections
001x, 002x, 003x, 004x, 005x, 006x, 007x, 008x, 009x
Jaundice
774x, 782.4
Kidney/Urinary Tract Infections
590x, 599x, 771.82
Meningitis
047x, 320x, 321x, 322x
Non-Infective Enteritis/Colitis
555x, 556x, 557x, 558x
Otitis Media
381x, 382x
Pneumonia/Influenza
480x, 481x, 482x, 483x, 484x, 485x, 486x, 487x, 488x
Pyloric Stenosis
537.0, 750.5
Seizures/Convulsions
779.0, 780.3
Sepsis
038x, 771.81, 785.52, 995.91, 995.92
*An “x” at the end of a diagnosis code indicates that all valid codes with the listed code prefix will be included
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Appendix U. Level of agreement between gestational age (in weeks) calculated from the date
of last menstrual period (LMP) and assigned as the clinical estimate (CE), by selected sociodemographic, perinatal, and hospital characteristics
Level of Agreement

Characteristic
Total Study Population
Timing/Reason for Delivery
(Based on LMP)
Delivery at <37 weeks
Elective induction, 37-38 weeks
Elective Cesarean, 37-38 weeks
Spontaneous delivery, 37-38 weeks
Medically-indicated, 37-38 weeks
Delivery at 39-40 weeks
Delivery at 41 weeks
Delivery at 42-44 weeks
Established pregnancy indication
Maternal age (years)
<20 years
20-34 years
≥35 years
Maternal race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Maternal country of birth
US-born
Foreign-born
Marital status
Married
Unmarried
Adequacy of prenatal care
Adequate/Intensive
Intermediate
Inadequate/None/Missing
Reproductive history
Nulliparous
Multiparous, no previous CS
Multiparous, previous CS
Maternal education
Less than high school
High school diploma/GED
More than high school
Principal source of payment
Private Insurance
Medicaid
Self-pay
Other
Per-capita income
<$20,000
$20,000-$29,999
≥$30,000

CE =
LMP-3

CE =
LMP-2

CE=
LMP-1

Exact
Match
CE=LMP

CE =
LMP+1

CE =
LMP+2

CE =
LMP+3

%a
7.4

%a
6.7

%a
14.3

%a
48.1

%a
14.2

%a
4.9

%a
4.4

1.9
0.2
0.4
1.0
1.8
2.0
15.0
71.0
9.8

2.1
0.4
0.8
1.7
2.0
5.9
22.7
20.4
8.1

6.2
3.8
4.7
7.6
7.3
19.0
31.0
6.6
16.1

33.1
45.4
54.3
51.2
49.0
60.3
30.4
1.9
49.6

14.8
30.4
30.0
23.8
23.9
11.6
0.8
0.0
12.5

11.7
14.7
8.4
11.3
11.4
1.1
0.0
0.0
3.3

30.2
5.2
1.3
3.4
4.7
0.1
0.0
0.0
0.7

8.4
7.5
6.6

7.2
6.8
5.8

14.5
14.5
13.1

44.3
48.3
49.8

13.6
14.0
15.5

5.6
4.8
5.1

6.4
4.2
4.1

7.6
7.5
7.1
7.1

7.1
6.0
6.5
6.7

14.9
13.3
14.0
14.2

49.4
45.9
47.5
49.7

13.6
15.0
14.6
13.6

4.2
6.1
5.3
4.4

3.2
6.3
5.1
4.3

7.8
6.6

6.9
6.0

14.6
13.4

47.7
49.2

14.0
14.5

4.8
5.2

4.2
5.0

6.9
8.1

6.6
6.8

14.4
14.1

50.2
45.5

14.1
14.2

4.4
5.5

3.4
5.7

2.7
11.5
11.2

4.2
9.2
7.4

12.7
16.1
14.1

50.3
46.7
45.0

17.5
10.9
12.8

6.5
3.2
4.8

6.1
2.4
4.8

7.0
7.6
8.1

6.6
6.6
7.0

14.7
13.8
14.1

49.5
47.4
46.2

13.5
14.5
15.1

4.6
5.2
5.1

4.1
4.8
4.4

8.8
7.8
6.7

6.9
6.8
6.5

13.9
14.2
14.5

44.5
46.4
50.5

13.5
14.5
14.2

5.6
5.3
4.4

6.7
5.0
3.3

8.2
6.8
6.8
7.0

6.9
6.6
5.8
5.6

14.2
14.7
12.7
13.0

45.3
50.2
51.4
51.6

14.5
14.1
13.0
13.4

5.5
4.3
4.8
4.8

5.4
3.2
5.5
4.6

7.8
7.5
6.8

6.7
6.7
6.5

14.2
14.3
14.3

45.5
48.5
51.0

14.7
14.0
13.9

5.6
4.8
4.2

5.5
4.2
3.4
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Appendix U (Continued)
Level of Agreement
CE =
LMP-3

CE =
LMP-2

CE=
LMP-1

Exact
Match
CE=LMP

CE =
LMP+1

CE =
LMP+2

Characteristic
%a
%a
%a
%a
%a
%a
Pre-pregnancy body mass index
Underweight
8.1
7.1
14.3
47.2
13.8
4.6
Normal
7.1
6.5
14.2
48.9
14.3
4.8
Overweight
7.3
6.5
14.0
48.6
14.3
4.9
Obese-I
7.9
6.9
14.4
47.6
13.8
4.9
Obese-II, III
8.8
7.6
15.0
46.5
13.3
4.7
Missing
7.8
7.2
14.9
43.7
14.9
5.8
Maternal tobacco use
Yes
9.9
7.9
14.6
43.9
13.6
5.1
No
7.2
6.6
14.2
48.5
14.2
4.9
Pregnancy resulted from infertility
treatement
Yes
6.9
5.6
12.7
54.1
13.5
4.7
No
7.4
6.7
14.3
48.1
14.2
4.9
Infant sex
Male
7.3
6.4
13.9
48.1
14.6
5.1
Female
7.6
6.9
14.7
48.2
13.7
4.7
Infant year of birth
2005
7.4
6.5
13.7
48.5
14.6
5.0
2006
7.4
6.6
13.9
48.3
14.4
5.0
2007
7.5
6.7
14.0
48.0
14.4
4.9
2008
7.6
6.8
15.5
47.4
13.4
4.8
2009
7.3
6.8
14.3
48.3
14.0
4.8
Hospital annual birth volume
100-499 births
8.9
7.2
14.4
44.9
14.8
4.9
500-999 births
7.6
6.3
13.6
49.4
14.3
4.4
1,000-1,999 births
6.9
6.3
14.1
49.1
14.5
4.8
≥2,000 births
7.6
6.8
14.4
47.7
14.0
5.0
Hopsital Perinatal Care Level
Level 0, 1
7.1
6.4
14.3
48.6
14.6
4.8
Level 2
7.0
6.3
13.4
49.2
15.0
4.8
Level 3
8.0
7.1
14.9
47.1
13.3
5.0
Hospital % Nurse-Midwife Births
<20%
7.6
6.7
14.3
47.7
14.4
4.8
20-29%
7.2
6.6
14.4
48.0
14.1
5.3
≥30%
6.9
6.3
13.6
50.9
13.0
4.8
CE = LMP-3: the gestational age from the CE is 3 weeks lower than the LMP-based estimate.
CE = LMP-2: the gestational age from the CE is 2 weeks lower than the LMP-based estimate.
CE = LMP-1: the gestational age from the CE is 1 week lower than the LMP-based estimate.
Exact Match CE=LMP: the gestational age from the CE is the same as the LMP-based estimate.
CE = LMP+1: the gestational age from the CE is 1 week greater than the LMP-based estimate.
CE = LMP+2: the gestational age from the CE is 2 weeks greater than the LMP-based estimate.
CE = LMP+3: the gestational age from the CE is 3 week greater than the LMP-based estimate.
aPercentages displayed are row percentages
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CE =
LMP+3

%a
4.8
4.3
4.5
4.4
4.1
5.6
4.9
4.4
2.5
4.4
4.5
4.3
4.3
4.4
4.5
4.4
4.5
5.0
4.5
4.3
4.4
4.2
4.3
4.6
4.4
4.5
4.5

ABOUT THE AUTHOR

Jason Lee Salemi graduated summa cum laude with a Bachelor of Science degree in
Biology in 2000 from the University of South Florida (USF). He was accepted to medical school
at USF in 2001; however, decided instead to purse graduate studies in Public Health research.
He received a Master of Public Health degree in Epidemiology and Biostatistics from USF in
2005. During his academic career, Jason has been the recipient of numerous honors and
awards, including the Successful Latino Student Award, USF Latino Scholarship, Delores
Auzenne Fellowship, College of Public Health Scholarship, Outstanding Student Merit
Scholarship, and was recently awarded a travel scholarship from the National Institutes of
Health (NIH).
Jason has amassed a substantial and versatile proficiency in reproductive and perinatal
epidemiology, working with and engaging community partners, and has extensive experience
evaluating, validating, and analyzing a myriad of maternal and child health surveillance systems
and data sources. Since 2008, he has worked full-time as an Epidemiology and Statistical Data
Analysis Manager in the Colleges of Medicine and Public Health at USF. His primary work has
included birth defects surveillance and research grants, a federally-funded R01 on comparative
effectiveness research that served as the foundation for this dissertation, and a communitybased participatory research grant from NIH to minimize health disparities in a socioeconomically disadvantaged population. He has published or has in-press 29 peer-reviewed
articles, has co-written several funded grants, and has presented extensively at local, state, and
national conferences. Jason remains an active member of several public health organizations
and offers his service to numerous scientific journals as a peer reviewer.

